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PREFACE 

Being poBsessed of certain special information, some 
original and some gained from fellow experimenters, and 
much derived from an authority whose work so far has been 
but llttie exploited or understood, despite a priority, com- 
pleteness, and standing that probably destine it to take 
finally the very highest rank in this department of science, 
the writer feels that it is now due to other investigators that 
at least a part of this information be released for the benefit 
of aviation development in general. 

Since it is upon knowledge of the laws of fluid movements 
that all progress in aviation must depend absolutely, it proba- 
bly will be conceded that the only investigations ever made 
that offer even a well-substantiated claim to the complete 
formulation of these laws, are entitled to at least such 
credence as may properly repose in prima facie evi- 
dence and demonstration. And in thus confining him- 
self to explanations based upon the only instances of really 
exhaustive scientific analysis existing in this field, instead 
of attempting to correlate the complex and often random and 
uncertain conclusions of even the most successful empiricists, 
the author believes that whatever may be lost in the way of 
a conventional treatment of the subject will be gained in the 
interest that always attaches to new information. 

Furthermore, believing as he does in the soundness of 
certain researches into the laws underlying the movements 
of elastic fiuids, and being unable to disregard the importance 
of the interrelations between these movements and the forms 
of suitable wing surfaces, the author will rely frankly upon 
his knowledge of these researches in his discussions of 
aeroplane operation, showing reasons for his dismissal of 
such conclusions as are at variance with what he knows to 
be established facts, and in the cases of machines of suc- 
cessful types making it appear that their success or non- 
success is invariably in direct proportion to the degree in 
which they conform to or deviate from natural laws, the 
existence of which is not disproved by ignorance of them. 
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With this prell miliary explanstlon, no further apology 
leema necessary for th^ method used In approachlag the 
lubjeict. 

In the course of much of what follows, the author will take 
he liberty of quoting more or less frequently from a hereto- 
ore uapubllahed paper by Professor John J. Montgomery, 
m "Soaring Flight," which waa written In 1893, ami pre- 
lented to the consideration of Mr. Octave Chanute In 1895.* 
llecauHe of the brevity with which certain of the concluBione 
n this paper are stated, and an occasional manner of explana- 
Ion that Is somewhat Incomplete for the untechnlcal reader, 
he writer will supplement with his own explanations much 
ihat in the original paper is left too complex or In too brief 
form (or popular understanding. 

In doing this, only what Is directly quoted without change 
Will be placed in quotation marks, but it Is to be understood 
that much of the rest of the matter herein is more or less 
directly borrowed, with or without paraphraBe or ampllflca- 
tioii,,troin what the writer sincerely believes to be one of 
the most Illuminating and profound contrlbutlonE ever made 
to the literature of this enthralling subject. 

Before proceeding further, the writer proposes to preface 
his statement with a brief history of the reeearches upon 
which so much of bis Information Is based, believing that 
Professor Montgomery's work In the Investigation of aerO' 
nautical problems is on the face of it worthy of taking the 
highest rank, because of Its priority as well as because of its 
soundness, 

A graduate of St. Ignatius College, at San Francisco, In 
1879. he had been attracted even then to the subject o( 
aerial navigation, when a move on the part of his family 
from Oakland to San Diego, California, soon after resulted 
in the hills around the little town of Otay. jiiat north of the 
Mexican line, becomiii); the scene of experiments that 
antedated even Lilieiithal. In passing, it is interesting to 
remark that these first BlnigRles wiih the then tremendously 
difheuU problems of the air were surrounded by conditions 
of the most discouraging character — so much so that none 
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fUnlliar with the soul-tormenting adventures of the youthful 
Montgomery, warring valiantly in the face of poverty, de- 
rision, and every other imaginable handicap, so many years 
in advance of his time, with a mystery that until recently 
had baffled the foremost engineers of the world, possessed of 
the finest and most expensive facilities of the age, and which 
still is invested with profound misunderstanding, can ever 
forget the picture of the lonely and misunderstood boy, 
dubbed crazy by his associates, suffering from a diffidence 
naturally bom of the ridicule to which he was subjected, and 
further handicapped by the remoteness of the locality that 
was the scene of his experiments — all so characteristic of 
the first struggles of genius, which too often after achieving 
its results goes down unrecognized by contemporaries, to 
become famous only in the eyes of subsequent generations, 
and after the lapse of many years. In Professor Mont- 
gomery's case this has particularly tended to occur, because 
of the failure of his early work to be conducted under condi- 
tions that could permit its consideration and appreciation by 
the few scientists in the world at that time interested in the 
subject of flight. To those fortunate in possessing his 
acquaintance, he was known as the most unassuming of men 
— one who concealed a most wonderful fund of information, 
and a theoretical and practical engineering ability of the 
rarest order, behind a personality of the utmost modesty 
and good nature. 

Like most of his fellows in aeronautical researches. Mont- 
gomery of course commenced wrong — his first attempt being 
a flapping-wing machine that in one experiment convinced 
its designer that success was not to be found in this direc- 
tion. This was soon followed, in 1884, with the machine 
sketched in plan in Figure I — a more or less arbitrary copy 
and enlargement of a gull's wings, with longitudinal control 
by vertical movement of the flat tail shown, and lateral bal- 
ance maintained by shifting of the operator's body. Though 
this machine was built about eight years before the first 
gliders of Lilienthal, it possessed in common with them the 
important feature of wing curves flattened from center to tip 
— a feature of design that has been almost neglected by more 
recent experimenters though It w\U \\0TtnYv?ilVQT \i^ '^^^^w \» 
be ot the utmost importance to efRc\ewl xe^wW^- ^NN>^ "^^^^ 
machine one 600-foot glide, keeping c\oae lo V\\^ ^X^wW^v^f^ 'e.N 
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acfl of a tillUtde, wbb accompllebed near Otay, California. In 

I8B4. In a eecond attempt, while balancing the machine In 
I light wind In preparation for a glide, a gust of wind sud- 
lenly raised it with the operator to a height of perhaps ten 
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tbat ;pRr. This machine wns dcarrlbed, end lis pprfor_ 
Cbonute's "PtogreaB in filing Uachloe^" publlsbed in 1 




or fifteen feet and thpn slani" 
wing, with the roanll tlint it was s 
Thotiph fair sustention per unit ■ 
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a bird, Montgomery followed with the absurd mistake of con- 
duding that the down curve to the front of the bird's wing 
was "against nature/' with which idea in mind his second 
machine, shown in Figure II, was built with flat surfaces. In 
a degree, however, he compensated for this mistake by seek- 
ing much-needed lateral balancing means through the use 
of the hinged rear portions to the wings shown at AA, 
adapted to bend down along the hinges, BC and CD. A flat 




Figure III. — Front view of second Montgomery glider, showing 
at FF the springs originally used to stay down the ailerons In such 
manner that they could yield automatically to excessive air pressures. 

tail, like that used in the first machine, was provided at E. 
At first the aileron-like rear wing portions were stayed down 
as shown in the front view of the same machine in Figure III, 
by the springs, FF. Incidentally it is to be remarked that 
this staying down constituted in a sense an equivalent of 
curvature in the 
main wing sur- 
face. In the 
course of a few 
trials, it was 
found that the 
idea of yielding 
springs at FF, in 
the use of which 
it was intended 
that wind gusts 
would force up 
one side or the 
other of the wing 
ends, thus offset- 
ting the tendency 

to tip over, was ineffective for the purpose. This being 
the case, the plan illustrated in Figure IV was substituted, in 
which G is the operator's seat, resting on the rocking bar 
H, suspended in the ribs II to the frame J, and provvd^^ 
at its rear end with tlie upturned \)ot\\ov\ K, ^V nXv^ v.<^^ '^'^ 




Flmiro IV. — Sorond rontrol iistul on Mont- 
^onu-ry ailerons. In this tlir stsil (I Is llxed 
litiidly to the Imr II, whi<h rcuks In \\w franio 
ribs II. wliicli jirc tluMnselvcs seemed to the 
main frame J. To the uiitmtied rear end of 
II. at K, are attached the ^ronjjs of wires LL. 
one ;^roiii) to eacli winu. sn tliat as tln' rldnr 
leans to one side r^r tin- other the wings are 
unsymmetrleally manl|>ulated. 
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Thich were faBtenetl the two groupa of wire LL, one to each 

aileron. 
On the face of it the point of attachment was too cloae to 
the wing surfaces to allow 
Bufflcient down angle to tlie 
pull on the ailerons, but the 
young Montgomery aeems to 
have missed realizing Ibis 
until he made an actual trial. 
Thia trial resulted imme- 
diately in a change to the 
conetruction shown in Figure 
V. In this the operator sat 
across the double control 
bars NN, pivoted at 00 and 
PP, with the wires attached 
at QQ, so that throwing his 
weight upon one pide or the 
otber drew down the aileron 

on the Bide that tended to lift. 
This proving still a rather clumsy and unsuitable scheme, 

that ahown in Figure VI waa built but never applied to the 

machine, because by thIa time It waa found that no auOlclent 

lift could be bad witb the 

flat surfaces, so the machine 

was discarded as a (allure. 

In this control the stirrups 

RR served to revolve the 

wheel S, fixed on the same 

shaft as the pulley T, which 

worked the ailerons by the 

wires UU. Profiting by the 

experience Ruined sn 

MontKoniery's next mael' 

was that lllnNtratod 

ures VII, \U\. anil IX, 

the bird form, the mach 
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discard the excellent Idea of hinged alleronB, aubBtltntlng 
for them pivoted wlnga, so arranged that the wlnge could be 
rocked almllarly or dlBslmllarly by the handles VV, the tormer 
manipulation relieving him of the neceseity of having a cxtn- 
troUable tall at W. With this machine a tew short glides 
were accomplished, but none as successful as that with the 
verr first machine, illustrated In Elsure L 




Ftgnrt Til.— Pl«n tIpw of third 
nucbliie tbs wings were pivoted in tl 
the handle* V V the operator could i 
__ . . .^._ Obviously the latter mo 






tall 1 



MontKomerj niBcblD». In this 
elp eniirety. no that by moving 
nek the wingn fllher oppositely 
re meat ellDJlnated noy necessity 



One of these three machines Is still in existence, as also 
are parts of the others, and all of them were seen hy many 
people, some of whom are still living in the neighborhood 
of San Diego, California, today. Also, they were described 
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at some length, though not illustrated, on pa^cs 249 and 219 
of Chanute'a "Progress In Flying Machines." written In 1894. 
Discouraged by the fact that the result of his experimentB 
had been the construction of a worse macUiu« tti^w Vcvc wx» 
with which he had started, MonVgomerv ^of ^"^^ V«si5i \.fc'«« 
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save up the Idea of further experimenting with roan-carrylng 
sactalnes. and came to the conclusion that, the laws of aero- 
Jynamlcs being unknown, and the whole suhject being one of 
:he utmost difficulty, the one rational road to auccees was in 
BCleutiflc Investigation and analysis of these lawe with a 
<lew to their resolution and formulation, as an absolute pre- 
-equislte to any real success with man-carrying apparatus. 

From the time of this conclusion dated a period of con^ 
alfitent researches, which for priority, originality, and the qual- 
ty of their theoretical deductlone and practical results have 
:)eeD approached by no subsequent Investigator except as the 
development of light-weight motors hae enabled those who 
were first in borrowing these from auto- 
mobile engineering to achieve sustained 
In the place of gliding Sight. 

For some six yeara, from 1886 to 1892, 
Montgomery's researches were carried 
on, sometimes interrupted by other af- 
fairs and again perelsted In most asfidu- 
ouBly when time permitted. The first 

result was made public In the brief paper -.-c— -,, — ■, -,-- 
trol naodle and wine 
which was read at the Aeronautical Con- bracing on tblrd 
terence at the World'a Fair. In 1893. and "ootgomerj glider, 
portions of which are quoted elsewhere herein. 

In addition to thlB, the paper referred to on Page 14 was 
presented to Dr. Chanute in 1894 or 1895, as a more complete 
summary of Montgomery's conclusions. 

With all of the worh necessary to the construction of prac- 
tical aeroplanes thus completed in the middle nineties, it was 
not until 1903 and 1904, eight or nine .vears later, that Mont- 
gomery was financially and otherwise able to build at first 
models and subsequently man-carrylns gliders, which proved 
most amazlnsly the correctness of his conclusions— a cor- 
rectness further proved by the In some cases accidental and 
in other cases deliberate following of his theories by other 

An interesting fact deserving of nieiulon is. so completely 
out of touch was Montgomery with 'he few oihers in the 
world who were giving serious attention to aeronautical prob- 
lems, that he was compelled to pursiK' iin almost independent 
course with practically no help frotn. iind with only the most 
fuifue and stuicvtwiitl knowledge ot contemporary European 
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and other InveBtigationB, such as those of Lilienthal, Pilcher, 
Langley, Ader, and others of greater or less achievements. 

In 1903 Montgomery concluded experiments with the three 
models illustrated in Figures X, XI, and XII. In all of these 
there was the application of certain definite principles. 

First was the use of proper wing curvatures to secure a 
maximum sustention with a minimum forward resistance, by 
a proper modification of the wing curvatures from center to 
tip; and second was the securing of automatic equilibrium 





Figure X. — Fourth Montpomery model, built in 1003 and sub- 
sequenfly enlarged to man-rarrylnp slzo. In which form It constituted 
the basis of the remarkahlv successful fliplits, in the Santa Clara val- 
ley and elsewhere in Calliornia, during; 10U4 and 1905. 



by the principle of a large vanelike fin at the rear of the 
machine, so that any tendency to turn over, either by the 
impact of a wind gust or a sidewise inclination of the 
machine, must immediately result in its front or rear portion 
skidding sidewise, so that the tendency to tip over would be 
terminated by a continuance of the glide in the direction of 
the fall. 

The beautifully constructed parts of one of these models 
are at present in the writer's possess\oTv, ^w^ \xcixsv "Ool^ 
sketches ^iven in Figures X, XI, and ^W, ^\x^ o.o^si^^'^'eQ 
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engineer can readily reproduce them and determine tor hlm- 

Belf their preat perfection and marvelous equilibrium.* 

The machine illustrated in Figure X was designed lo com- 
bine a maximum area with a minimum weight, and to afford 
blwaya a parachute- like automatic aettllng. riglit<alde up, even 
when adjusted not to make much lateral movement That 
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ehown in Figure XIl was (icslRned more for use with coiiataiif 
manipulation of conlrolliii;: means, while that shown iu 
Figure XI was Intermfiiiiite in botli Us form and Its function- 
inc between the other two. 

Of the two last, neither has been as yet built to a man- 
carrying scale with motors, though MoniRoracry considered 



PREFACE 



23 



that Illustrated in Figure XII the furthest developed, and the 
best adapted for use with power propulsion. 

Having concluded his experiments with models, Mont- 
gomery commenced in 1904 experiments with a large copy 
of the machine Illustrated in Figure X, whereupon, with less 
actual experimenting in the air than was ever done by any 
other successful investigator, but equipped with more knowl- 
edge of the laws of aerodynamics than was possessed by 






Figure XII. — Sixth MontRomory aeroplane. Kxhaustivply experi- 
mented with In model sizes during IJUi.'i and 11M»4. and decided upon 
as the most suitable for use with power i)ropul>iun. 

any other investigator, he rapidly progressed to a point 
where, on April 29, 1905, he was able to send up from Santa 
Clara, California, in the presence of fully fifteen thousand 
people, including many western newspaper men, one of his 
tandem monoplanes, a large copy of the model illustrated in 
Figure X, attached to a balloon and ridden by an intrepid 
parachute jumper, Daniel Maloney, who at a height of four 
thousand feet cut loose from the baWoow \\\W\ W\^ Vo^x vs -'vv; ^- 
pound glider and accomplished a. sale Oie^e^wV Vq ^'^^"Oc^^ ^' 
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the course of which he ezerolsed a degree of control and 
performed steering and diving movements that are yet to 
be outclassed by the finest volplanes or other maneuvers of 
the most accomplished modem aviators. 

This filght was terminated by a perfect descent on a pre- 
deslgnated spot, Maloney landing on his feet, with his hands 
supporting the machine, with so slight a Jar that he did not 
even go to his knees. 

The correspondent of the Scientific American, In the issue 
of that periodical published on May 20, 1906, declared that 
"an aeroplane has been constructed that in all circumstances 
will retain its equilibrium and is subject in its gliding filght 
to the control and guidance of an operator." Octave Chanute 
characterized the flight as "the most daring feat ever at- 
tempted," and Alexander Graham Bell had no hesitation in 
asserting that "all subsequent attempts in aviation must 
begin with the Montgomery machine." 

Similar performances were repeated some fifty or sixty 
times in the course of exhibitions that Montgomery gave 
around California, in an effort to secure funds for the con- 
tinuance of his experiments, and in 1906 he was just at the 
point of making a gliding flight across the Santa Clara Valley 
from a station on the side of Mt. Hamilton, near the Lick 
Observatory, over four thousand feet above sea level, when 
his work was brought to a standstill by the destruction of 
his workshop and apparatus at Santa Clara College, in the 
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to release his hold upon the steering wheel and fall sidewise 
in the frame of the glider. This shifting of his weight and 
deranging of the control caused the machine first to dart up 
and then descend. It landed rather lightly on the right wing 
tip, but just as it struck a gust caught the left side and 
quickly turned the aeroplane over, with the result that Mont- 
gomery fell upon his head and suffered seemingly rather 
slight injuries, from which, however, he died two hours later, 
conscious to the last No bones were broken, nor was there 
any bruising or maiming beyond a slight cut under the nose, 
and the presumption is that the trouble was primarily at- 
tributable to a slight attack of vertigo, to which Montgomery 
was subject, and the serious result from so slight a fall was 
chiefly due to the Professor's weight in combination with an 
unhappy mischance that would scarcely have occurred again 
in a hundred similar accidents. 

In concluding these prefatory remarks, in addition to giv- 
ing credit to Professor Montgomery for the important ele- 
ments contributed by him to the science of aerodynamics, the 
writer wishes to express his particular acknowledgment to 
Ward Leathers for his work in preparing the illustrations 
used herein. 

And, also, the writer wishes to express his thanks to the 
many fellow enthusiasts who in one way and another showed 
their interest in his ** Vehicles of the Air,*^ and to whom, as 
to others, he ventures to hope that the present small volume 
may prove in some measure helpful and informing. 

Victor Lougheed. 
Chicago, November, 1911 



INTRODUCTION 

At the time this is written, the author feels that the 
moment has arrived for a change from the accustomed type 
of flying-machine handbook, which because of the difficulties, 
uncertainty, and ignorance that have in the past surrounded 
aeroplane design, and on the plea that these principles were 
not sufficiently defined or established to permit their clear 
formulation, has commonly evaded explanation of the basic 
principles at the basis of this branch of engineering. 

This view, however correct and well justified in the past, 
is one to which the writer (and he believes many others) 
will properly take vigorous exception at the present time. 

Less than three years ago aeroplane design, judged by its 
achievements, may be said to have been in a doubtful and 
completely experimental condition. At that time probably 
not ten persons in the world had been oft the ground in an 
aeroplane, there were only four aeroplanes known that would 
really fly, none would go faster than 40 miles an hour, no 
sane aviator dared to go aloft in a breath of wind, no aviator 
had been 200 feet high, and it is doubtful if the total distance 
rather precariously flown up to that time exceeded a few 
hundred miles. 

At the present writing, one man has flown continuously 
for over eleven hours, another has flown 500 miles in 6 hours 
and 50 minutes, several men have flown continuously for over 
flve hours, 13 over four hours, 68 over three hours, and 201 
over 2 hours, while one-hour flights have become so numerous 
as to cease to be chronicled even in the aviation magazines, 
there being 667 one-hour flights officially recognized by the 
Federation Aeronautique during the six months from January 
1 to July 31, 1911. The English Channel has been crossed and 
recrossed fifty times; oversea flights of a hundred miles 
more and less have been made; an aeroplane has flown from 
London to Paris in four hours, without a landing; the Alps 
have been surmounted; the altitude record stands at over 
two and one-half miles; repeated cross-country journevs»> v^.-^^ 
to 4500 miles in length, have been maL^e ^V ^n^x^^^ ^^^^^^'« 
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I'anglng up to 157 mllea an hour and better, and mauy flighta 
'lave been accomplished In strong winds. 

At least throe European aeroplane builders have sold over 
lOO machines each, and some two thoiiBand aeroplane pilots 
lave made a total of much more than 500,000 miles in the 
louree of the quallFylng flights necessary to secure the cor- 
Jflcate of the Aero Club of France, Certainly not less than 
wo million miles Is tlie aggregate of all aeroplane flying to 
late, while it is conservativeiy estimated that present mile- 
ige totals about 65.001) a week tor the whole world. Over 
0,000 persons have made passenger fliglita that are matters 
of deflnite record, and fully forty-live nilllion dollars Is In- 
vested In the industry In Europe alone — mostly by famous 
automobile companies, in the army budget for 1912, the 
French government alone liaa appropriated nearly three and 
one-half million dollars for the aeroplane corps. 

Contrary to a still widely current Impression, this develop- 
ment is far from being simply a mere matter of more prac- 
ticed aviators; it inheres absolutely in the improvements In, 
and In the better understanding of aeroplane design, which 
Is now so exact a science that at least a score of the more 
qualified manufacturers put out machine after machine, each 
with as absolute assurance of practical and successful opera- 
tion as prevails in the automobile or in any other established 
manufacturing business. 

Particularly creditable U the proEresa that has been made 
tn motors — ^the beet aeroplane enBlnes of to-day boins in most 
cases veritable marvels In the way of hi^h power and great 
fltrenKth combined with light weight and ample durability. 
Just how wonderful this progress is. comes especially homo to 
one when it is realized that one well-known aviation motor 
capable of developing 100 horsepower tor ten hours at a time 
is onetwenlieth as powerful while woiBliinp: leas tlian one- 
thousandth as much as aome of the heaviest freight loco- 
Indeed, so fast and far lias aviation-motor lioslBu devclopo'l, 
that it la the cauae of two rather curious present conilitions. 
The first of these liaa been the frequent accomplishment of 
fliphi by aeroplanes moat oiitruKeoualy ill-deaiBned — ranimpd 
through tlio air with the piicineerinp efficiency of a barn door 
in a cyclone. The second condition ia the faat-increaainR 
tendency to develop more (■Riciency in aeroplanoa rather than 
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more power in motors, with the almost certain result that the 
demand for high-power units of light weight will not for 
many years, if ever, increase beyond what are at present 
available. 

Nevertheless; with all the shortcomings in the best of 
present-day aeroplanes, these are shortcomings in such de- 
tails as can admit of improvement only in efficiency, in 
structural features, and in safe equilibrium and control, 
rather than in any possible direction towards a revolution in 
fundamental principles. 

It is the one most unfailing lesson of mechanical history 
that practically all great advances in man's conquest of the 
forces of nature come as developments, rather than as full- 
fledged, perfected inventions. The most modern locomotives 
bear many close resemblances to the very first of their kind. 
The modern steam vessel differs little except in refinement in 
details and increase in size from its prototypes of years ago, 
and a particularly impressive example is the automobile, in 
almost every detail of which, in its most modern forms, there 
are to be discovered features closely similar to those of the 
automobiles of many years ago, built at a time when the 
self-propelled road vehicle was commonly regarded as the 
crazy experiment of a few hopeless cranks. 

The conclusion forces itself that the time has passed for 
the freakish in flying-machine design. Even such interesting 
devices as the helicopter and ornithopter, and most of all, the 
dirigible balloon, are at the moment regarded as quite out 
of court by the men best qualified to venture authoritative 
opinions on the subject. Rightly or wrongly, the author falls 
sufficiently in with this view to feel warranted in the present 
volume in excluding these, as properly subject to such con- 
sideration as they may merit, under separate cover rather 
than entitled to treatment in a book devoted to the one type 
of flying machine possessed of both a definite present and a 
deflnitely-developing future — the aeroplane. 

The idea of machines, heavier than air. which nevertheless 
should sustain themselves in the air by the operation of 
suitable mechanism, is an obvious deduction from the observa- 
tion of the birds and of flying animals and insects, all of 
which, quite without exception, are vastly heavier than the 
tenuous medium that so securely sup\iOT\.^ W\^\\\, N.^ "s^ ^^xv- 
sequence. the earliest conceptions ol \\ev\.\\viT-W\^xv-^vt ^"s\v\' 
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raacliineB long antedate the dUcovery of the balloon, even the 
various myths and apocryphal accounts of Hyia^ mea, which 
have come down from ancient times, heing Invariably founded 
upon one pr another of the obvloua mod Ifl cat Ions of the me- 
chanical-bird idea. 

In later times, and as science and Invention have pro- 
gressed, attempts innumerable have been made to construct 
successful machlnee, but with results bo uniformly discourag- 
ing that the very term "flying machine" was for long a 
lynonyra for all that was wild and erratic in inventors' brains 
ind in the way of mechanical perversity- However, complete 
failures though ail the ideas of the early air navigators 
proved when put to the test, in the revealing light of more 
recent auccessea it begins to appear that past failures were 
due less to insuperable obstacloa than to incomjilete linowl- 
edge — to a failure to understand the essential importance or 
a very few but most fundamental principles. 

The result is that now, as knowledge is accumulated and 
tested and tabulated in every-in creasing Increments, and as 
the great priuclplee are commencing to be wrung from the 
mazes of Indifference and skepticism and Ignorance that had 
so long concealed them, the aerial vehicle Is surely and 
Inevitably leeuing from the mists ot doubt Into the realms 
of the practical. 

The history of the aeroplane involves the development of 
three more or less separate conceptions — the first, the use 
of gilding surfaces as means of riding down a slant of air 
from a greater height to a lower; the second, the application 
of power-operated propelling elements for continuing on a. 
horizontal course or progressing on an upward slant; and 
the third, the Idea of indefinite soaring without power, by the 
utilization of obscure and little understood, hut very evidpnt 
principles, which are clearly demonstrated to exist in tlu' flight 
of soaring birds— a mode of flight 
has been much speculation a 
formance of which is variously ascribed to the phenomenon 
of rising currents in Ihe atmosphere, to the presfucc of con- 
stantly varying factors in the horizontal movement of winds, 
and to the operation of laws not yet generally formulated or 
rpcognizpd. Probably the real explanation lies in some 
moaaure of sound reasoriiiif; thai is lo be found in both the 
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Just as water craft probably developed from observation 
of fish and other aquatic animals, so is the aeroplane fairly to 
be considered a development from observation of the mag- 
nificent eftortless fiight of the less-common soaring birds. 

There is no possible doubt but that the aeroplane is the 
first successful, and very probably destined to continue the 
most successful, type of flying machine. Almost everything 
is in its favor. In its best forms, for example, its inherent 
stability as a glider may constitute an almost perfect safe- 
guard against the possibility of accident due to motor fail- 
ure. Moreover, the aeroplane certainly will prove far 
cheaper to build and safer to operate than any conceivable 
type of omithopter, and certainly cheaper than any helicopter 
that will begin to aftord equivalent speeds, lifts, or 
efficiencies. 

As for the balloon, the great difficulties with this attempted 
means for navigating the air are its inescapably enormous 
volume, its strict limitations in unit weight of structure, and 
its great cost. 

To ascend, a balloon must be lighter than the volume of 
air it displaces, and, the weight of a given volume of air being 
fixed and unchangeable, no possible discovery or invention 
can open a way of escape from this inexorable factor of the 
problem. A sphere of air ten feet in diameter weighs almost 
exactly seventy-six pounds, while a similar sphere of 
hydrogen weighs something less than six pounds. Conse- 
quently, enclosing the hydrogen in an envelope and causing 
it to occupy the space of an equivalent volume of air mani- 
festly can afford within this considerable bulk a gross lifting 
capacity of only seventy-six minus six — seventy pounds. Evi- 
dently the unlikely discovery of some gas lighter than 
hydrogen can effect no material benefit, for even should it 
become feasible to encase a vacuum of the requisite size, as 
more than one enthusiast has hoped, this could help the sus- 
tention only to the extent of the eliminated six pounds of 
hydrogen. And always within whatever lifting capacity there 
may be provided must come not only the loads that it is re- 
quired to convey, but also the weight of the structure and the 
enveloping material, which it is highly desirable to have far 
stronger and more rigid than the strongest and most rigid 
ever likely to be attainable. 

From all of which it follows t\\al l\ve \ie?>l o1 X^^W^orcv's* ^^ 
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ind are likely to conllnue, hopelessly bulky and fearfully 
llniBy. and of only the very smalleBt lifting capacities In pro- 
portion to their size. Held captive or let drift with the wind, 
■hey can be made to afford fair security with very limited 
itilUy. Provided with motors and propelllDg means they 
lot only oppose the resistance of enormous areas to rapid 
Tiotion, but also prove of such fragility that their structure 
nust inevitably collapse under the heavy stresses, should 
lulHclent power within the weight limit ever become availn- 
lle to drive them greatly faster than the maximums of 
Lwenty-flve or thirty mllee an hour that have been so tar 
attained, and which have been time and again proved nowhere 
near sufficient to combat ordinary adi'eree winds. 

The cost of gas alone for each tilling of a large balloon 
at present places It utterly out of llje question for performing 
commercial service at reaeonable coat. About a rhousand 
dollars worth of gas on the baele of the most economical 
production possible Is required for each Inflation of a Zep- 
pelin balloon. 443 feet long and 42 feet In diameter, but pos- 
sessed of a reserve carrying capacity of only five and a half 
tons. Moreover, no balloon builder as yet has been able 
within tbe weight limitation to devise an envelope capable 
of retaining a fllllng of gas tor more than a limited period — 
thirty-six hours is the present maximum with dirigibles, and 
seventy-two with spherical balloons — not to consider the 
further loss that occurs In the necessary trlmmiiig o( the 
craft to desired heights by alternate discharges of gas and 
ballast — the latter of which, by the way, is a burden to be 
reckoned with in all estimates of passenger and cargo-carry- 
ing capacities. 

Concerning the possible and probable applications of aerial 
vehlclea, it is perhaps easier to argue than it ia to convince, 
but at least it will be admitted that such vehicles must Hiii! 
some fields of usefulness, whether it is conlenilod Ihiit tliesf 
fields will prove exceedingly broad or conceded that thoy 
must remain exceptionally limited. 

In this connection it is perhaps well for the reader to Im- 
press upon himself tbe idea that the aeroplanes of to-day, 
despite their decidedly remarkable recent successes, must 
probably bear to the more nearly perfected mechanism of 
the llyini; vehicle of the not distant tntiire some such relation 
as was suElained by the aiilomobile of ten or fifteen years 
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ago to the wonderful, practical, popular, economical, and In 
every essential respect, successful vehicles that to^ay throng 
the streets and roads of all civilization, and around the con- 
struction and improvement of which there has developed a 
science that in itself constitutes a special department of 
engineering and an industry in which are invested hundreds 
of millions of dollars. 

It may seem to the casual reader a venturesome thing to 
predict any similarly extensive development of aerial 
vehicles. Yet it is to be remembered that even the most ac- 
customed forms of modem transportation — the railway, the 
steam vessel, the bicycle, the automobile, etc., all had their 
very inception actually or almost within the lifetimes of 
people now living, while without exception their development 
from the experimental stage to the status of unquestioned 
utility has covered much shorter periods. 

Certainly it cannot be escaped or overlooked that the 
atmosphere as a medium of travel affords more room with 
less limitations than apply to any other mode of transporta- 
tion; that it is the medium used by birds for the transporta- 
tion of considerable weights at great speeds with absurdly 
small power — many times less than man has available for the 
same use — and that, though the bird possesses the almost 
inimitable coordination of animal mechanism, man has never- 
theless proved already capable of imitating this coordination 
and control not only in a considerable degree, but also with 
remarkable success and safety — the lives so far lost in this 
growing conquest of the air with heavier-than-air machines 
being much smaller for given distances traveled than proved 
the case in the development of apparently much safer means 
of terrestrial and aquatic travel. 
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CHAPTER ONE 

THE ENOINEEBINO ASPECT 

The cardinal difficulty that from the first has beset the 
investigator of flight problems has been the almost total lack 
of accurate data concerning the laws of elastic fluid move- 
ments. 

In the words of a standard technical work of the highest 
authority, "the laws of fluid movements, and particularly of 
elastic fluids, are exceedingly complex, and so far have defled 
analysis/* 

This statement, derived from so highly-regarded a source, 
may be accepted as a fair measure of the general understand- 
ing even among engineers concerning this subject. 

Yet it is upon thesef supposedly-unformulated laws of the 
movements of elastic fluids that all aeroplane action must 
depend, and to which all aeroplane design must relate. 
Obviously too, it is only as these laws become understood that 
aeroplane design can become the exact science it must be- 
come before aviation can be said to have developed into a 
branch of engineering from its present status as chiefly a 
fleld for experimenting and empirical investigation. 

SOURCES OF DATA 

Air in motion possesses properties that are very little un- 
derstood, the laws of its dynamic actions and reactions not 
having been generally investigated or formulated. Particu- 
larly with reference to the operation of flying machines is 
this the case. Indeed, more than one of the world's foremost 
physicists, even in comparatively recent years, has positively 
declared aerial navigation to be impossible, basing his con- 
clusions upon difficulties encountered in reconciling the idea 
of man flight with established hypotheses of aerodynamics. 

Air, iKDSsessing almost perfect elasticity in addition to its 
weight, fluidity, and other qualities, cannot be set in any but 
the most simple movements without occasioning a multitude 
of resultants that are so utterly complex ^Yvi Vx^Nc^N^i^ -^.^ 
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almoBt to defy aaalfBls. The result Is that oven such con?- 
paratlvely simple phenomena as Ihose or the movement of 
air la pipes and In jets are only underatood la a general way, 
while the work of most Inveetlgatore of ftlgbt problemB has 
liad to be almost purely empirical, or, when mathematical or 
deductive, has been unaucceesrul. 

EXAMPLES FROM NATURE 

Beaides constituting tlie most conclusive evidence imagina- 
ble of the perfect practicability of flight, as well as serving 
ba the original and a constant stimulus to man in his eKorta 
to achieve navigation of the air, the birds and other animals 
that fly afford models that naturally merit the most thorough 
&nd profound consideration of all students of aerodynamics. 
J^or in nature's mechanisms of flight must exist answers to 
ftil the problems of flying, awaiting for their discovery only 
the analyses and applications ot sufflcleDtly persevering and 
painstaking Inveatt gators. 

It Is the easiest thing in the world to Jump at conclualoDs, 
first to assume a hypothesis and then seek evidence to uphold 
It— which more often than not means the overlooking or the 
disregard of evidence that contradicts the preconceived 
opinion. But the real scientific method calls for investigation 
to learn facts rather than to prove theories — research to col- 
lect information rather than to discover arguments. And In 
approaching this fleld ot reEearcb thus, with open minds, 
there is found little sound baals for the altogether too com- 
mon reasoning that the bird wing is not a proper model for 
close copying by the aeroplane builder. 

Bird InveBtigationa, carefully and systematically con- 
ducted, and embracing a great variety of flying creatures, un- 
doubtedly will afford a gr<>at deal of valuable and important 
data now lacking to students of (he science of aeronautics. 
In the writer's opinion no more Important work relating to 
aeroplane progress could be undertaken by well-equipped en- 
thusiasts or ambitious technological Institutions, than in- 
vestigation, analysis, and tabvilation of the weights, areas, 
exact forms, flying speeds, and habits of different birds. 

How much remains to be done in this direction will be ap- 
preciated from the fact thai the Hying spoeds of most of the 
commonest birds are not iiccurately l^nowii. except in such 
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Several methods of securing such data with regard to bird 
speeds suggest themselves. One is that originated by Dr. 
E. H. Hankin, and referred to in his "A Study of Bird Flight." 
Hankin's method consists simply in observation of the time 
required by a bird to cross the field of vision of a telescope, 
from which data, in combination with a knowledge of the 
size of the bird, the approximate distance away and the rate 
of movement can both be readily calculated. 

Another plan, seemingly of much promise, would be simply 
the extension of the well-known method of training carrier 
pigeons. There seems no doubt but that these birds have so 
long been utilized for the conveyance of dispatches because 
of their size and their sturdy flying capabilities, as well as 
their susceptibility to domestication, rather than because of 
the possession of any uncommon homing instinct. Probably 
almost any birds, trained by the process of removing them 
repeatedly to greater and greater distances from their nests, 
and then releasing them» would develop the same facility of 
finding the way back that is possessed by the carrier pigeon. 
Systematic investigation of this sort, which could be readily 
carried on by even the most youthful and ill-equipped en- 
thusiasts, would quickly settle many doubts and fictions as 
to what the speeds of different birds actually are. 

PHYSICAL RESEARCH 

By laboratory research with special and suitable apparatus, 
much has been discovered and much more remains to be dis- 
covered, concerning the laws of elastic-fluid movements. 

Wind Tunnels have been extensively employed by in- 
vestigators of air-current phenomena, conspicuous examples 
being the cases of Maxim, Montgomery, Eiffel, and others. 
In experiments with which the writer is familiar, and which 
were directed by Montgomery, the tunnels used were shallow 
wooden troughs, eight to ten feet long, and from two to four 
inches deep and eighteen to twenty-four inches wide. Pro- 
vided with plate-glass covers through which observations 
could be conducted, these funnels were used as means of test- 
ing the different surfaces from which data was desired. 

In the form that afforded the most satisfactory results, one 
end of the tunnel was left open while into the other a blast 
of air was sent by a centrifugal blov^^x. K ^^x\^^ ^"^ ^-^^ 
wire-gauze partitions in a canvas OiouXiXe IwwwOs. -aX V^a.^ ^^ 
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of the tunnel served to render tbe flow even and to break up 
eddies and aide currents that might originate Ic the blower. 
The enlargement served to componBate for the Iobh of open- 
ing due to the wlrea of the mesb. Also, the use of Ihe canvas 
between the aolld wood of the funnel and the revolving 
masses of the blower and the electric motor employed to 
drive it. was found elCectlve In damping out vibralioos that 
otherwise might have Interfered with soine of the experl- 

The speeds of the air currente ranged up to forty miles 
SB hour. 

The trial sections, which when tbtn were bent out of sheet 
metal and when thick were carved out of wood, were used in 




If the object wore simply lo observe 
currents the sections were made long i 
the boltom of the tunnel to the wlasp ct 



rse of the air 
to reach fro in 
ieh hold them 
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ing as a road to results presents advantages even over 
experimentation with full-sized machines. 

In the first place there are the vastly lesser costs involved, 
enabling a greater variety of devices to be tried with a given 
expenditure, but even more important than this is the fact 
that a model aftords a much closer check than a large machine 
upon the quality of the result, because its size renders it 
more directly and readily comparative with the results that 
can be shown to be secured by the birds. 

Evidently, for example, in comparing a bird with a model 
of the same size, area, and weight, not until the model affords 
a similar flatness of gliding angle, as high and efficient sus- 
tention, and as low forward resistances, can man consider 
himself able to apply all that the bird embodies and that his 
present models — and presumably, therefore, his large 
machines — do not. 

The fact that no model has yet been built that compares 
in any degree favorably with the birds thus construes itself 
into a most conclusive condemnation of the inefficiencies of 
present-day aeroplanes. 

It might be easy to argue, of course, that a proper reason 
for aeroplanes differing so widely from bird forms may be 
that the greater size of the aeroplanes may demand some dif- 
ference in conditions and construction, but this argument cer- 
tainly seems untenable in the face of the showing that a 
similar shortcoming exists in models as compared with birds, 
in which case there is not the size difference to be cited as 
the reason for it. 

In the writer's knowledge of the art, and with the exception 
of certain recent instances in which he has been personally 
concerned, no one has ever made a model in the way of an 
exact copy of any bird — of exactly the same size and propor- 
tions — and certainly until this is done the field of model 
experimentation can scarcely be considered exhausted. In- 
deed, it in all probability is an absolute fact that prior to the 
publication of this book no accurate and systematic de- 
terminations of bird's wing sections had ever been made, and 
the results made public. 

Even with birds themselves, much interesting model ex- 
perimentation might be carried on. Thus dead birds can be 
trussed up in different positions, and l\\o\v ^wWw'?; ^\w'?X\V\^.'5^ 
determined, as well as their baVaweo \w vW^^x^wV >^i^'^v\No^'? 
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Or the wings from dead birds may be attached to one Bort 
and another of dummy bodies, and the different results, in 
innumerable combinations that will suggest themselves, tabu- 
lated and compared. 

Mathematical and Geometrical Analyaea are undoubtedly a 
most difficult but in the long run certain to prove the most 
valuable road to the formulation of a science of aerodynamics. 
. Something of what has been done in the way of mathe- 
matical investigation of flight problems can be found in the 
work of Lilienthal, Maxim, Langley, Zahm, the Wright 
brothers, and in the latter portion of the next chapter. That 
much remains to be done almost goes without saying. 

WING DESIGN 

Though not always so considered, especially by the i'anli 
and file of inadequately-equipped experimenters, the absolute 
basis of all aeroplane flight is and always must be the wing, 
making the questions of wing forms and wing construction 
really the most important that the practical aviation engineer 
has to face. 

In the coinage of the term "wing design," therefore, it is 
believed that there has been created an expression to cover 
concretely and adequately the very fundamentals of the flight 
problem. 

And that a thorough knowledge of wing design, in com- 
bination with a proper conception of the action of a wing in 
the air, is the most important equipment an aeroplane de- 
signer can possess is a fact so evident that it can scarcely 
bo gainsaid. 



CHAPTER TWO 

THE WING IN THE AIB 

Since the forms and functions of wings constitute the abso- 
lute basis of flight, it follows that for a complete understand- 
ing of the laws governing this most wonderful of nature's 
phenomena, no investigation can delve too completely or 
exhaustively into the many questions concerning wing design 
and wing action. As summed by Professor Montgomery in 
the introductory paragraph of his paper referred to in the 
preface of this book, he declares, with a truly remarkable 
insight, when the time of writing is considered, that "The 
wing of a bird resting upon a current of air, though the ideal 
of simplicity, is nevertheless as worthy the deepest study as 
the indifferent-shaped piece of lodestone, which carries in 
its bosom the wonders and mysteries of electrical science. 
As the one performs its operation without visible movement, 
by mysterious power, and excites ceaseless investigation; so 
the former, poised in the air, develops and perpetuates a 
series of operations according to a code of mathematical laws, 
whose existence is unsuspected and whose secret workings, 
wonderful in the extreme, suggest further inquiry into the 
relations of forces." 

THE SUSTAINING FUNCTION 

The most fundamental function of an aeroplane wing is the 
sustention of the machine to which it is attached. All other 
considerations concerning its design are secondary to this, 
which has to do most directly with the means whereby a 
heavy and substantial structure of solid materials can be 
made to rest and move about so securely upon an invisible 
highway of elastic fluid, which in its ordinary manifestations 
appears so imponderable that the result secured has almost 
the seeming of something miraculous. 

AIR PRESSURES AGAINST NORMAL SURFACES 

Perhaps the readiest means of visualizing the Ide.-a. \3csa5^ 
under suitable conditions the free a\T ol \>ci^ ^Xxsicj'e.Vs^^^^ ^"^^ 
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)e<come a most tangible Bubstance, tuUy capable of tranamtt- 
ing and reacting to tbe most violent forces applied *o it, la 
o cite the effects of winds. No one. who will think of the 
Imes be has had to lean heavily into the teeth of a gale, or 
vho has had to resist being blown from the roof of a building 
If the deck of a veeael, will tail to remember the eeneatlon 
LS that of being upheld or thrust against by something almost 
ike a solid BubHlance. And If there be further considered the 
;lmilar violence of the wind experienced In a speeding auto- 
nobile or an open railway car, it at once is evident that it 
natters little whether the air be moved agalcat a resisting 
(bject, or the object against the air. 

Wind prcBHuros against plane surfaces have been exten. 
slvely InveBtigated by many engineers, largely with refi'rence 
to tbe force of their effecU Upon the Integrityof high buildings, 
bridges, and tta« like. These inveatigatioaB have led to the 
compllatloa of tables, which are commonly used by architects 
and engineers tor the computation of wind stresseB on tall 
and exposed structures. A table of this sort which has been 
long recognized as an authoritative embodiment of tbe data 
available on this subject is the following: 
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More recent investigators, inchiiling Pranilll, Ellffel. antl 
other engineers of International rt'putadon. ure fairly 
iinantmouB In insliiiing that the foregoing table averages 
about two-thirdB too high in its values, a good deal of care- 
ful experimenting having afforded results niiilerially at 
variance with the older forunila. These discrepancies may or 
may not bo due to diKre^ard of tile 'reaclion laiiiulso." dis- 
ciiEsed in a subsequonl chapter of this book, bul lliis is a 
point that can be settled only by further research. 

Kiffel's table is as follows: 
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Miles Pounds Per Miles Pounds Per 

Per Hour. Square Foot. Per Hour. Square Foot. 

1 :. 003 40 4.800 

2 012 45 6.075 

3 027 50 7.500 

4 048 60 10.800 

6 075 70 14.700 

6 108 80 19.200 

8 192 90 24.300 

10 300 100 30.000 

16 675 110 86.800 

20 1.200 120 48.200 

25 1.875 130 50.700 

30 2.700 140 58.800 

35 3.675 150 67.600 

INCLINED PLANES 

Inclining a plane in an air stream — although contrary to 
the supposition of many, an inclined plane bears little or no 
real analogy in Its action to that of a fully-developed wing 
surface — Is useful to afford a basic conception from which to 
evolve a readily-understandable outline of the abstrusities of 
wing action. 

To commence at once with a geometrical concept most re- 
moved from the condition of a plane placed directly across 
an air flow, the placing of an infinitely-thin plane In a fluid 
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Figure 2. — Thin surface placed in a Htroam parallel with the 
flow, showing the lack of any disturbance in the Uuld were there no 
skin friction. 

Stream, at no angle to the flow, as in Figure 2, can be con- 
sidered to exert no effect whatever upon the flow of such 
fluid. Similarly, to reason from the theoretical to the actual, 
a plane of material exceedingly thin might be expected to 
exert only an almost negligible effect upon the flow of the 
fluid, but practically this is not quite the case, except at very 
low speeds, because of a factor that is easily overlooked — 
the friction of the fluid upon the two surfaces of the plane. 

From these explanations the reader will be now able to 
understand why the actual effect of a thin plane, edge-on in 
an air stream, is something as illustrated in Figure 3. In 
this the air at AA is for all practical purposes inert a.T\^ <J^V^- 
tinct from the flowing stream, bec^w^^ o\ \\^ \.^w^<k^^^ "^'^ 
cling io the surface as a resu\t ol W\q; ^Vaw \V\q\X<^x^. 
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The Visible and the Inviaible Structure* thus ihown to 
rxlet conjointly as combined f&ctors inOuenclng tbe flow of 
he stream, are deserving ot profouDd consideration, since in 
hem there is introduced a phenomenon extensively en- 
lountered throughout the science ot aerodynamics, and one- 
,t the basis ot many Tallurea to produce operative devices, 
lommoniy lll-concelved In that a visible structure only is 
irovided, without proper regard for the fact that undesired 
knd invisible additions to the structure are certain to come 
nto existence when operation is attempted. 

In the case tn point, there is virtually an invisible structure 
idded to the visible structure by the banking-up of clinging 
and pushed-along air particles, and, though the air constitut- 
ing this Invisible addition to the structure at any given 
moment Is constantly moving away— In movements that may 




) by BhlQ friction. 



tend to assume wave forms ot definite periodicity— it Is as 

constantly being replaced, and its movements are so slow 
and BO different from those of the stream proper that It is 
to be logically clasHed as an invisible element of the structure 
rather than an element of the stream. 

The thickness of the invisible structure along the dotted 
line DC, Figure 3, will be determined by a variety of factors. 
It Is not the writer's Intention to attempt herein to tabulate 
them in quantitative values, but in a i^enerat way it can be 
said that, qualitatively, the thickness — or the addition to the 
projected area — is fundamentally based upon the thickness 
of the surface itself, factored into certain relations with the 
width and roughness of the surface, and witli the speed of 

The reason for the so-called '■stream-line" forms and sec- 
tions now partially discloses llselt. tor it in place of the in- 
visible structure ot comparatively quiescent air in Figure 
3. there be substituted the additional material shown in 
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Figure 4, the effect will be similar — the resistance being sub- 
stantially that of the thin surface — with the advantage that 
there is now room for a strong and solid structure, if the 




Figure 4. — Stream-line form, suggesting the thickness of material 
that may be provided without dfsturDlng the air flow materially more 
than it Is disturbed by a thin surface. 

case be the one of an operative device involving the prac- 
tical requirements of solidity and strength. 

Recurring, for the purpose of developing in the reader's 
mind a correct idea of wing design and wing action, to the 




Figure 5. — Plane surface at an anglo in a fluid stream, which it 
parts to the projected distance I). Tho direction of drift is shown by 
the arrow F, and the lift by the arrow CI. An uir particle A, ap- 
proaching from the direction B, is compelled by the action of the 
surface to change its course to C. 

geometrical concept of the flat surface of Infinite thinness 
introduced into an air stream, let this surface now be con- 
sidered at an angle to the air flow, as in Figure 5, instead of 
parallel to it as in Figure 2. 

The Division of the Air Flow is the most significant ele- 
ment in this new arrangement, for now, no matter how 
extreme the thinness of the surface, the parting of the air 
flow of necessity involves a measurable a< yaratvow, "^^^-^x^^ 
than and independent ot thai due \.o \.\v^ ^vc X^^xOfw^^ >^>^ ^"^ 
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)klD friction and masBed agatnst the front «dge. Restated In 
i simple, but thprofore an unavoidably crude way, this is 
because the projected distance D, Figure B, ot the surface 
ingled acropa Ihe air current, is now a definite quanlily that 
Dears no necessary relation to the thickness of the surface. 
The Divlaion of the Preaiure is the Important resultani of 
.he division of the air flow, the force acting to move the aur- 
'ace being now split Into two componentB— flne tending to 
irift It back with the flow of the fluid, in the direction of Ihe 
large arrow F, Figure 5, and the other to lift It In the dlrec- 
'lon G, aerosa the stream. 
Obviously, from the standpoint of efficiency in wing de- 

-)lgn, the most desirable form Is the one affording a maximum 

-lift" while Involving a minimum -drift." 

CURVED SURFACES 

Could It be asflumed that the action of a fiicttonless plane 
ftt an angle would be to direct the air Btreama exactly parallel 
to its aurfacea, as In Figure 2, there would be with this sort 
of a surface no building up of Invisible structures of quiescent 
air, and no separation of the air streams by more than the 
thickness of the surface, in this case the lift and drift figures 
would be the plain resultants of the simple diagonal of forces, 
and the thin flat surface might be used as a wing. But this 
conception of an analogy between a flat surface and a wing 
surface involves aeveral errors of such fundamental quality 
that they demand only brief consideration as a preliminary 
to their conclusive dismissal. To begin with: any one with 
the most elementary mechanical information will unde^rataud 
that an air particle at A, Figure 5, which has been moving in 
the direction B, cannot abruptly change to the direction C 
upon reaching the surface of the plane, since for it to do so 
would require that Us momentum be suppressed and ils direc- 
tion of movement changed in an infiniteiy brief time, which 
is absurd, since only an infinite resisiuiice could do tlils. The 
conclusion therefore becomes imperative that an air iwirticie 
deflected from ils path by Ihe action of a plane surface is de- 
flected uradualiy. in a. curved path, by the action of inert air 
massed acainsit ihe plane, which air therefore conalilules the 
adiiii 

curved t 
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Btead of the plane the ca43ual observer might be tempted to 
premise, on the ground of what is to be seen. 

In accord with this reasoning, with thin surfaces used as 
aeroplanes, analysis and experiment alike have shown a far 
greater effectiveness in forms something like that shown in 
Figure 6, in which the curve here is substantially parabolic. 
With such surfaces the effect is to force the divided air 
streams into such courses that the portion below the surface 
affords a maximum upward pressure while that above per- 
haps tends to leave the surface at certain points, further 
augmenting the lift by the production of a partial vacuum. At 
the same time, the drift component is reduced to a com- 
paratively low figure — away below what would be due to the 
projected section of the whole curve. 

The Angle of Incidence, AB, Figure 6, by which is measured 
the height of the front edge above the rear in the air stream. 




Fieurp 6. — Air streams around a thin curved surface, 
a rarefied space is left at C. 



Note that 



is very slight in the surfaces most efficient, and the top of 
the curve, at C, is very much higher than the front edge. This 
seemingly unfavorable form and disposition of the surface is 
in reality an essential element to its effectiveness, and the 
reason it does not have the detrimental effects the lay rea- 
soner would be inclined to expect is because the weight sus- 
tained upon the air under the wing at DDD compresses it, 
and by the portion of this pressure that acts forward pro- 
duces a most pronounced rising trend in the air current at E. 
to as much as from two to six chord lengths in advance of the 
surface, with the result that it approaches at a tangent to the 
entering edge of the surface, and is cut by it with a mini- 
mum disturbance. 

This rising current in front is a most fundamental factor 
in the action of all wing surfaces, and failure to consider not. 
merely its existence, but also the vatxow^ eoxvCyNXAQy^x's* n>cv';^ xscji.'^ 
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create, modifyt or suppress it, will render defective any wing 
design evolved without regard for them. 

Wing Sections, from another standpoint than that of the 
curvature alone, demand close consideration. The first fac- 
tor that operates in determining the proper section for a 
wing is that demanding a sufficient thickness towards the 
front to allow for a structure of the needful strength, while 
at the same time smoothing out all hollows that otherwise 
must become less properly and effectively filled with more 
or less quiescent air, seriously impairing the stream-line ''re- 
action impulse," previously alluded to, and given exhaustive 
treatment in a subsequent chapter. This matter, the provi- 
sion of the thickened section needful to allow space for a 
massiveness and rigidity of structure, and demanded by most 




Figure 7. — Air streams around a thick curved surface. 
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abnormal angles, as would be the case in flight wbenerer up- 
ward or downward steering were attempted. 

Formative Functions of certain portions of wing surfaces, 
as distinguished from tbe sustaining function, are well estab- 
lished to exist. Undoubtedly the reason tbe rear edge of a 
bird or other wing can be so frail without danger of break- 
age or loss of form Is that tbe pressure on top at tbis point 
almost equals that beneatb. This condition probably con- 
tributes, too, to the extreme forward position of tbe center 
of sustaining pressure In a proper wing. 



WING OUTLINES 

Tbe reason wing surfaces must be wide across tbe direc- 
tion of travel, and short In its direction. Is eufflciently evi- 
dent in the Bldewlse 
escape of the air In- 
dicated In Figure 8, and 
wblcb would reach pro- 
portloas hopelessly ab- 
surd In a surface like 
that suggested in Fig- 
ure 9. In the latter 
case, wttb the surface 
moving In the direction 
Indicated by the large 
arrow, and with the air 
flowing as shown by the 
small arrows, and with 
tlie proportions suffi- 
ciently extreme, the 
rear portion of the sur- 
face, at A, would cease 
to be of any value 
whatever for sustention 
— besides w h i c b it 
would in most machines 
seriously Interfere with 
longitudinal balance 
and equilibrium. 

Aspect Ratio is I 
span divided by tJie chord, and v.\l\\\ft WmWa W^V 
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mined more by structural than by aerodynamic conditions a 
high aspect ratio is the best 

As crude means of minimizing the detrimental escape at 
the wing ends, an extreme lengthening of the wing is bene- 
ficial, since the chord dimension of the wing is a prime factor 
in determining the magnitude — ^the quantitative values — of 
the side flows of the air currents. Hence with a long wing a 
maximum ratio of effective center portion to a minimum of 
ineffective end portion is secured. 

Another, a less crude means of improving the wing, is to 
taper it from tips to center, so that without an extreme span, 
and despite great chord depth at the center, the area affected 




Figiir*' !>.--Elont:ntc(l siiri'jiic in air str«>nm. showini^ tho neoos- 
slty for width lailur thiiii Icii^ih. as a un-ans to uiiliziUK' th»' whole 
of (ht surface. 



bv tho oxtroniolv unravorablo condition at tho ends of an 
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sion naturally must manifest Itself by reducing the rising 
current. 

MODIFICATION OF THE WING SECTIONS 

In consequence of the condition mentioned in the preceding 
paragraph, all that the writer has explained heretofore con- 
cerning correct wing surfaces has related only to ideal wings 
in front of which the conditions are assumed to be such as 
to develop the rising current to its fullest extent, and across 
which the flow of the divided stream is parallel to the direc- 
tion of flow, or more accurately, of wing movement. But that 
these ideal conditions can be expected to prevail throughout 
an actual wing, permitting a uniform or nearly uniform sec- 
tion from tip to base, is not for a moment to be imagined, 
and the widely current supposition that they can has been 
perhaps a source of more unsatisfactory results than any 
other single fallacy that has found adherents in this fleld of 
engineering. 

To quote Montgomery again, "Suppose the two ends be 
prolonged indefinitely, or what is equivalent, the plane de- 
scend between two parallel surfaces, which cut off the escape 
at two opposite edges; the air will then be compelled to es- 
cape equally around the two remaining edges."* 

The foregoing is a terse definition of the ideal condition, 
but that this condition is realized or can be realized in prac- 
tice is an assumption so patently wrong that complete inves- 
tigation is suflflcient to warrant its complete dismissal. 

Again considering Figure 7, which is an exact reproduction 
of a section of a pelican's wing, the maximum depth of the 
curve, from A to B, is approximately one-sixth of the chord 
of the wing, from to D, and this wing section properly used 
is far more efficient in every way than the shallower curves 
now used by aeroplane builders. Yet the writer knows of no 
case in the design of any prominent aeroplane (with the 
exception of the Montgomery gliders built in 1904. and since) 
in which the depth of the curve exceeds one in twelve, and 
one in twenty or twenty-four is more usual in up-to-date air- 
craft. Lilienthal experimented with curves as deep as one 
In eight, but despite the fact that he ascribed to l\\^'s>^ '^\:'^^\.«$x 



'This stnti'incnt dr;ils nnly with t\\o (•V'U^v>^^V•AY\' ^■^^^^'"V^^^':^^^.''^^ 

tbo action nt tbc rru/s. ii :ii»i»lirs to i\nv \v\\\>j; swViw^v^. v\vv\vv 
or ijrogn-ssiuii hr>ii/.ontiil]\ 
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Hrtine capacity than be could secure with shallower curvea. 

he discoatlnued work with them because of an assumed im- 
poBsibility of utilizing them either safely or efflciently. 

From the foregoing, and the elmllar overaighta of eitperl- 
inentors who followed LillPnthal. there Is to be deduced a 
lesson of the profoundest Import to Investigators in all Unea 
C3f research. Never was there a better illustration of the 
folly of Jumping at conclusions. 

In the course of the past twenty or thirty yeare there prob- 
ftbly have been several dozen men. many of them scientists 
Of highest repute and abllitlea, who in the moat painstaking 
Way, and with all manner of caulioii to avoid error have set 
up apparatus to move curved surfaces through the air, or to 
flow air over curved surfaces, with a view to the deternniDa* 
tlon of the course of the air Howa and the measurement of 
their quantitative effects. As a result of this labor there 
abound, in the literature of flight, lahulationa almost w'thout 
end, of the comparative lifts and drifts with all kinds ot sur- 
faces at al) possible angles. And yet the highest value of all 
this work has been largely Invalidated by a simple oversight 
that has almost completely blocked Investigation of the ver^ 
deep curves that are indubitably the best and most elflclent. 
For as Investigator after Investigator has progressed from 
flat plane to deep curve, invariably he has reached at around 
eight to one a tendency for the drift to increase faster than 
the lift as the curve Is deepened. Indicating here a limit that 
there could he nothing In trying to paaa. Combine with this 
the disconcerting tendency of the deep curve thus tested to 
flip downward at low angles of incidence, from the air atrlk- 
Ing on the top of it, and the reasons for reKarding it as Im- 
possible sefmed quite sound. 

But apparently to only one scientist In the world was it 
plain, as a result of mathematical and ^oonietricnl analyses 
rathrr than of experimeulal investigation, that tho seeming 
fault of th.' doep curve was a fault wholly tluo to its use in 
the urons place. And while others were confirming each 
other's ohficrvalions that a very deeply curved surface gives 
high lift but high drift, and is dangerously unstable, Mont- 
gomery clearly understood that the total ctTi-ct with a sur- 
f.ice like that pictured in Klcure I'l could be only a com- 
fioiiiu/ cfrm. H crisiiJinnt of Wi" most vcvU'fX aM\OT\ ii\n.».\i\- 
aWf, alt,n/i the cnnt-v portion B, svi\)lrAcle(\ tv.>m \)V o. \\ea.N-j 
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down pressure on top of the wing ends AA, for which points 
the deep curve is as totally unfit as it is absolutely right for 
the mid-wing. 

The effect of the general failure to understand this neces- 
sity for wing modification has been literally astounding. All 
present-day aeroplane wings are made the same in section 
from center to end, or practically so to the end. Flight Is 
accomplished with such wings by ramming them through the 
air by wastefully powerful motors, against an invisible load 
that rides on top of the wing ends and thus adds itself to the 
visible load. Plus this is the further fault that both loads, 
the necessary visible load and the unnecessary invisible load, 
are sustained by a mid-portion of the wing that besides being 




Figure 10. — Aeroplane with uniform curvature to ends, show- 
ing the air current rising over the center portion of the surface at B, 
but striking down upon the ends A A. 



less than the full wing in area is additionally wrong and in- 
efficient because men have assumed that that which was 
found wrong in one place must prove wrong in another. 

On the other hand, in the domain of nature, the birds put 
the quality of the best aeroplanes to shame by efficiencies 
hundreds and even thousands of times as great. And in 
bird wings, with no exceptions, there is always present the 
modified form — a constant variation in the sections from base 
to tip. 

It is to be emphasized, in any analysis of the reasons for 
modifying wing sections from the base to the tip of the wing, 
that in addition to the angular displacement of the air flows 
there is also involved a defect in the rlsvw?, e>\TTewV xXv^v ^^- 
mands a progressive augmenting ot l\\e ^w^\^ o^ \w^\^^^^ 
towards the wing tip, as well as tVie mod\^e3.UoTi 'wn^ "^^^ ^^' 
of the sections. 
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Thus In wind-tunnel experiments or the character pra- 
TlouBly deicrlbed, the (low ot the air currents Is directly 
■.cross the eurtaces, but with a wing in free air, with lis ends 
Hot adjacent to walls, this aimpio and Ideal straight flow ot 
the air ceases, and two new and Imporlant conditiona come 
Into being, which it here briefly summarized may perhaps 
belp to a more tucld expoBltion of the condition as a whole. 

The primary of these conditions, which Is most Intimately 
related to the plaa form ot the wing, has been shown graph- 
ically in Figure 8. In this, the square-ended wing Is moving 
broadside on in the direction of the large arrow, with the re- 
sult that the air streams flow across it as shown by the small 
arrows. The point ot particular Interest is that it is the free- 
dom of escape sldewlse towards the ends of the surface, 
s.llowlne the air to 8ow slantingly across ihe wing tips, that 
demands the gradually lessening angles ot Incidence as the 
Center Is approached, where the ideal or normal condition 
□lay prevail. 

It there be a body placed at tbe center of the wing, as Is 
normal In all birds and in many aeroplanes, there may be no 
point at which the Sow of the air currents Is without sldewlse 
slant. The result Is that In addition to the determination of 
what constitutes the proper wing sections, and their proper 
angles of incidence, there Is the further necessity for deter- 
mining the angles across the wing at which they muBt be 
points In a given wing to Insure a normal 
From the aeroplane constructor's stand- 
y of viewing the matter Is to regard It as 
t forms of parallel sections in a wing are 
means of producins the correct 

n-parallel, sectUms at the various nngles. This is lllus- 
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ANQL£8 OF INCIDENCE 

Ab has been suggested, the angles of incidence at which 
perfectly formed wings operate most efficiently are very 
much flatter than is commonly supposed. This is because the 
angle is considered with reference to the line of flight rather 
than with reference to the approaching air streams. 

Naturally, to exert its lifting effect, a wing must advance at 
a positive angle through the air flow, but that this angle may 
be negative to the line of wing movement is a phenomenon 
that has mystified many observers not cognizant of the ris- 
ing air current in front of the wing and the built-up reactions 
around it. 

Professor Montgomery had published in 1893* the following 
observations on some experiments with dried bird wings: 

"If a wing was placed suddenly in a wind so that the front 
and rear edges were in a line with the direction of the wind 
[with no angle of incidence], there was no sensible pressure 
on the imder surface; but if the wing was first placed ob- 
lique to the wind [at a positive incident angle], the under 
surface facing it and slowly turned [tilted down] till the 
edges were in the position first mentioned, the air continued 
for some minutes to press on the under surface. Also, when 
this position was reached, the down on the under surface, 
from the front edge back to nearly one-eighth the width of 
the wing, continued to be ruffled, indicating a movement from 
this point toward the front edge. 

"The first two phenomena suggest that when a plane is set 
obliquely to a current, a structure is given to the fluid move- 
ments, which continues to exist after the edges have been 
placed in line with the current." 

In repetitions of this experiment with which the writer is 
familiar, a pronounced lift still existed with a negative angle 
of incidence, but if, when carefully held at the same angle the 
wing was suddenly moved sidewise into new air. it thrust 
down as though struck on top with a hammer, thus clearly 
proving the presence of the formed rising current in the one 
case and its absence in the other. 



• In "The Proceedings of the International Conference on Aerial 
Navigation," Chicago, 1803, Pages 223 to 226, lii<:V>i».Vs^ VasNAVsAKi^^k 
page 823]. 
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WING SIZES 

While Ihe proportioDB of wiDfiB are determined chiefly by 
aerodynamic conElderalions, the size of a wing 1b chiefly a 
KiattBr of the load It tB intended to support, and ia therefore 
a secondary conalderatlon in the design ot the machine. 
However, aa la euggeBted eUewhere herein, it la a tact to be 
taken Into coQBlderation In designing a machine that on targe 
areati there is permiasible a greater loading per unit ot area 
than can he tolerated on small. 

THE WINGS OF BIROS 

Believing that the wlnge of birds oflered a Held of research 
that had not before been properly exploited, the writer re- 
cently Initiated some novel and very thorough invBHiigationH 
Of thiH Interesting subject. The resull was most surprising, la 
that It confirmed a previously-entertained but nevcrthelesa 
rather uncertain opinion to the effect that no accurate deter* 
mlnatlon and publication oi Dird-wlng aeciions naa berecolore 
been made. 

Doubtless the new results Becured, and herein made public 
for the first time, differ BO widely from previous work di- 
rected to the same object largely because ol the superior 
method employed In the present Instance. 

This method, which proved most effective for the purpose, 
waB to take the ning from the freshly-ItlUed bird and fasten 
It in a wooden box, Into which melted paralDne was Imme- 
diately poured. Then when the parafBne had hardened, the 
whole mass — box, paraftlne. wing, and all^was easily cut 
into regularly-spaced sections with an ordinary handsaw. In 
this way there was obtained the most perfect and accurate 
data that it seems possible to secure, in the way of exact 
information concerning the real form of birds" wings. This 
will be very apparent from the photographic reproduction oC 
one of the sections, used as the frontispiece to this book, and 
ihe traced reproductions of the wiiig sections and plans of 
six large birds, in KiKures 11, 12, i;i, 11. ]j, and Ui. 

It is of conrsf to be understood Ihat a bird's wing may. 
and probably does uiiilerf;i) minor cbLiiist's in form when it is 
carrying the weight ot tlie bird in Ihe air. but the extent of 
such ebanpes Ciinnol In any rase be very great, and prosum- 
3b/_v is qiiilf slinht. Tliis is boc;uise a birds W\Tvi^ \& ^<it V.\\e 
Piosr part y,-ry btroiip and stift. v,\ii\c l^le flexiUVw^ ol Wt 
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weakest portion, the rear edge, undoubtedly is offset in large 
measure by pressure acting on the back of the wing in flight, 
in such manner as to counteract much of the pressure be- 
neath the rear wing edge. The fact that there does exist 
such a pressure must, moreover, largely discount the deduc- 
tions of Lilienthal and others as to wing deformability, when 
it is considered that their tests were made by loading in- 
verted wings with sand and the like, with no consideration of 
the fact that there might under normal conditions exist a 
pressure counteracting a part of the load. 

As a result of thorough investigation, it is most informing 
to summarize the chief points in which the bird-wing form 
differs from the usual aeroplane-wing form. 

These points of difference are two in number. First is the 
gradual modification from base to tip, and second is the pres- 
ence of an enormously-thick and deeply-downtumed front 
edge. 

The reasons commonly advanced against the propriety of 
following nature in the aeroplane wing are likewise two in 
number. First it is argued that the thickness of the front 
edge is a necessity to provide for the thick bones of the 
wing, which lack the reinforcement of wire bracing with 
which the wing bars in an aeroplane can be provided, while 
the second supposition is that the modification and the depth 
of curve are involved by the fiapping rather than by the glid- 
ing function of the wing — it being, of course, a fact that even 
the most highly-specialized soaring birds must on occasion be 
capable of fiight by fiapping. But it is also a fact that the 
most-highly specialized fiapping birds are in many cases good 
gliders. Moreover, there is every reason for supposing that 
even steady fiapping, or "rowing flight," as it has been aptly 
termed, involves a gliding action of the wing — either simul- 
taneous or intermittent with the forward-and-back propelling 
movements. 

Thus careful analysis suggests that the common arguments 
are somewhat specious, but experimental investigation seems 
to go further than this, and prove them absolutely unfounded. 

In formulating the laws of flight, it is well to note that 
throughout all of the wonderful perfection ot w"a.Vv\\^ \>a.^T^ Va. 
nothing more evident or impressive Wian V\ie -^^^l^cX vox.'^'^x^ 
Jation of all iaws and all structures. ^.11^1, \1 X-V^ vXsxO^w v^ci^ 
.edge Is demanded in the bird's wing \)7 v\t1m^ o^ ^ ^Xxx^^"^^ 
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necessity, this is no reason whatever for supposing that it is 
not equally required by aerodynamic conditions. Indeed 
there is more reason, as there is more evidence, for suppos- 
ing it to be required to meet an aerodynamic need, than there 
is for supposing it to be demanded merely to accommodate a 
structural necessity. 

Moreover, were the latter the controlling factor, it is 
reasonable to suppose that the wing thickness would be 
merely sufficient to contain the bones and necessary 
muscles, when as a matter of fact the thickness is much 
greater than this in the wings of all birds the writer has 

AVQ mfriA/l 
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becomes thicker, more deeply curved, and more abruptly 
downtumed. 

In the same paper referred to in the footnote on Page 14, 
Professor Montgomery has the following to say concerning 
the curvature of birds' wings: 

"In the examination of the wings of hawks, buzzards, eagles, 
sea gulls, pelicans, wild geese, and other birds, I foimd the 
under surface of the wing from the front to the rear edge 
a true parabola, varying in its curvature, both according to 
the relation between the weight of the bird and its wing 
surface, and the proportion of the length and breadth of the 
wing. A comparison between these various models suggests 
that the curvature is also affected by the tilt given the wings 
from the base to the tip. 

"The parabolic curvature a few inches from the base of the 
wing seems most perfect. At this point the front edge is the 
vertex of the parabola. 

"In comparing the distance between the front and rear 
edges — the chord — with the focal length of the parabolic 
curve, the following order seems to exist. The length of the 
chord is to the focal length as the weight of the bird is to 
the wing surface; this relation being affected by the propor- 
tion between the length and breadth and the tilt of the wings. 
I do not give this as an exact proportion, but simply as an 
indication of the relations. In the pelican's wing the chord 
is five or six times the focal length of the curve; in the gull's 
it is three or four times, while in hawks and buzzards it is 
two or three times. 

"The difference between the focal length and the chord 
decreases in passing from the base to the tip of the wing — 
i. e., the curves become more open; and from the center to 
the tip the front edge gradually varies from the principal 
vertex of the (parabolic) curve." 

ANALYSIS OF WING ACTION 

Again to refer to Professor Montgomery, the following, 
which was written in 1893, and has been since partially re- 
published in different periodicals at various times, is prob- 
ably the briefest and most concise analysis yet made of cer- 
tain important aerodynamic phenomena and their relations 
to wing form and action. 

This paper will well repay t\\e mo^V ^\\\vi\^vi V5.w^ ^^\\:\Ra: 
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reading, with close referenee to the lUustratioiui whenever 
they are cited in explanation of the text 

"In determining the proper form of surfftce, the flmt sug- 
geBtions are derived from the conception of a body projected 
in a straight line but deflected from its course by a constant 
force acting at right angles — as a mass projected horiiontally 
and pulled down by gravity, thus describing a semi-parabola, 
according to well known laws. 

"In Figure 17, let AB represent the direction and distance 
a mass M, projected horisontally, would pass in two instants 
of time. AE and EB representing equal times. But under the 
action of gravity, the mass will describe the curve AHD. 
Drop the perpendicular EH to the curve; then the point H 



i^ 




Flpnro 17. — Pnth of a mass slmultanpously acted upon by gravity 
and a horizontal forco. 
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as shown in Figure 18. In this AB is the directrix, LM the 
tangent, and C the focus. In the evolution of the parabola* 
FG = CG, KH = CH, etc. Subtracting the distance AL, be- 
tween the directrix and the tangent, from FG, KH, etc., and 
the radii of the circle from CG, CH, etc.. the differences are 
equal; that is, the perpendicular distances from the circle are 
equal to those from the tangent. A further study of this de- 
velopment shows that all these lines FG, CG, etc., form equal 
angles with the tangents to the curve at the points of inter- 




Flgurp IS. — Rolatlons of tho oh'monts of tho somi-parabola to 
the action of a wing. 



section. From these two considerations we see that equal 
impulses from the tangent LM and the circumference of the 
circle will meet at the curve, producing resultants in the di- 
rection of the tangents at these points. And finally, accord- 
ing to a well known property of the curve, all impulses from 
the center will be reflected from a parabolic surface in 
parallel lines (as JJ), and, vice versa, all parallel impulses 
(as JJ) reaching the surface will be reflected to the focus C. 
"Before making application of these properties, \ \^wsX. ^-^^ 
attention to a phenomenon oV io^s or v>VTe'cVK\«^. \^ v^^q> N*^*^ 
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impinge on one another, as shown at A and B, Figure 19, 
the particles will escape at the point of impact in lateral 
movements CC. If the streams are equal, the point of im- 
pact will remain fixed; but if they are not, it will be driven 
towards the weaker jet. 

"The application of these various elements is shown in 
Figure 20, in which AH D is a parabolic surface placed in a 



t 



B 



C" 



V 
Figure 10. — Tho phononionon of Impinging jots. 

fluid and S is a jet fixed in the Hue AB. When an impulse 
from this jet impinges on the surface it will develop pres- 
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arrow F. And» further, as it moves along the curve, meet- 
ing the reaction of the fluid as shown at O, it produces the 
phenomena shown in Figure 19. And as the direction of im- 
pact is parallel with the tangent at this point, one element 
of the resulting lateral pressure is against and normal to the 
curve; while the opposite element is towards the fluid mass, 
and in the direction the normal MN. But an analysis of the 
normal shows it is composed of two equal elements, one, 
MC, pointing to the center C, and the other, MJ, perpendicular 
to the line AB. As this impact of the stream and reaction of 
the disturbed fluid takes place along the entire surface, pro- 
ducing a normal pressure at every point, there is a diversity 
of pressures in the fluid mass, which diversity is harmon- 
ized by the analysis given; all the elements represented by 
MC going to the center C to build up a center of pressure, 
while the elements represented by MJ develop parallel pres- 
sures against the fluid. These pressures being parallel with 
those represented by F combine with the latter to produce a 
compound effect — flrst, they impart to the adjacent mass the 
movements RPR, and this movement sets up a rotation 
around the center C; and, second, the reaction of the dis- 
turbed mass against the impulses F and J is transmitted as 
an impulse back to the surface, and is reflected to the cen- 
ter C, thus increasing the compression at this point. As 
might be surmised, the reflected impulses to the center C 
would have a tendency to drive it out of position, but the 
impulse S (as an element building up this rotation), is 
an opposing force, keeping it in place. Owing to the con- 
centration of the various lines of force and the restraining 
influences, and because of the rotation, the point C becomes 
a center of pressure from which there are constant radiating 
impulses, which reaching the curve are reflected from its 
surface in lines parallel with the first impulses. But, as a 
radiating center sends out equal impulses in equal angles, 
there is a new distribution of pressure on the curve because 
of these radiated impulses. An inspection of Figure 18 will 
show that the angle ICE =- ECD. Hence, the impulses falling 
on LG equal those falling on GD. The point G then becomes 
the center of pressure on the curve due to Uv^ t^vJsX-sX^^ \^^- 
pulses from C, while H is that due lo Wv^ ^^t^W^X \x^x^>^^'^'^ 
from the first reactions, F, Figure 2Q, o\ Wv^ moNVt\^ ^^^"^^^ 
against the curve. But between l\ve \io\Tv\.^ C> ^^^^ 
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ihould be another central point of pressures due to 
be elementa MN. The reason tor thjs will appear In the 
oUowlnR consideration. Suppose we have a number of elas- 
Ic particles In a etralgbl line, and a coustani force acts od 
he nret: each particle fiucceseively will roact against the; 
lOrce, thereby building up a gradually increasing preasure, till 
the last is set in motion. And owing to these successive in- 
cremeats of reaction against the force, the preasure will be 
least at the last particle, gradually Increasing in an arith- 
metical progression to the (Iret, From this It would appear. 
that the elements MN iliould increase in Intensity from D 
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is cut off by the length of the wings), the intensity should be 
proportional to the width. 

"In an experiment illustrated in Figure 21 some of the 
phenomena mentioned are shown. In this AB and AD are two 
surfaces, corresponding to AHD, Figure 20, placed in shallow 
water,* and J is a Jet of air near and parallel with the sur- 
face. The Jet sets up a stream on the surface, which Is cut 
by the point A and flows along the curves as shown at H 
and I. In flowing along, these streams. H and I, set up move- 
ments, as shown by the small arrows, which pass Into rota- 




Fisviro 22. — Tho propor niiKlo of a sinKlo somi-pftrabola in a 
fluid strrara. 



tions around the points CF. Particles of chaff on the surface 
reveal these movements, while pins fixed at the foci of the 
parabolic curves, and extending above the surface, assist in 
observation. 

**If the planes shown in the last experiment are placed in 
a stream S, Figure 22. the same development of pressures 
takes place, but the complete rotations are hidden because 



•Fluitl movements are «iiialitati\ e\v aX^oviV W\e, ?>"a.w\vi \w Ns-a.Vv-T v^^ 
in air. though (/uantitalivtly vus\\y v.\\ttv-vv^\\\.. 
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of the general movement, though they substantially exist ii 
a general wave line. In this system, there are three genera 
elements of action and reaction; first and second are H anc 
I, which mutually hold one another in balance, and act re 
ciprocally in building up and maintaining the various move 
ments and pressures; and the third, these combined reactini 
on the exterior stream. Should one of the elements H, foi 
instance, be removed by taking away the curve AD, the de 
velopment would be destroyed and there would be an escape 
from I towards the side H. And in order to re-establish th( 
pressures on the curve AB there must be a readjustment b] 
which the necessary element is derived from the stream. Ai 
inspection of the figures shows that the rotary tendenciet 
around F press upon those of C and also on the rear of thi 
curve AB. Then if we draw a tangent of this circle F to thi 
point B, and so place the curve that the stream comes fron 
the point M, we find the desired adjustment, though the pres 
sures on the curve are derived from modifications of the idea 
movements. 

"On placing the curve AB so that the stream approaches ir 
the direction MB, Figure 23, we test the adjustment as fol 
lows: Fine sand scattered at A on the bottom, by its move 
ments will indicate that the approaching stream is cut by th( 
point or edge A. But if this point be lowered, there will b( 
a pressure on the upper surface, causing a whirl F. Whereai 
if it be elevated a reverse whirl, C, is produced, as shown ii 
the illustration. 

"In the complete system of movements in this adjustmen' 
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'In the rear the various movements combine and form a 
displaced current, traveling i>arallel with the original stream. 
Owing to the pressure exerted by the descending current on 
the upper rear surface, the effectiveness of that on the under 
surface is reduced. ♦ ♦ ♦ 

'If we take a curved surface narrow enough to be sub- 



to 



Figure 24. — Modification necessary in wing section towards the 
tip of the wing. 

merged, part of the fluid will escape over the upper edge, 
and the reactions necessary to produce the rising current in 
advance of the plane are only partially developed. Hence 
to have the front edge cut the current, it must be elevated. 
This required elevation of the front edge increases as the 
surface is more completely submerged, as the escape of the 
water over the upper edge is thereby increased. But if por- 
tions of the front edge, as shown at ABCD, etc., Figure 24, 
be cut off, to allow for the deficiency in the rising current, the 
front edge of the curve may be lowered so that the remaining 
portion of the curve may assume its proper position. The 
application of this is readily apparent in the wings of a soar- 
ing bird. Towards the center, near the body, the curvature 
is at its fullest development. But near the outer extremities, 
where the air partially escapes around the ends, the sharp 
front curvature disappears, the wing surface becoming less 
curved and more narrow — a fact that has been noted by many 
investigators. 

"Here I must call attention to an important element. In 
discussing Figures 18, 19, and 20, I pointed out the positions 
of the centers of pressures, and in Figure 25 we find the ap- 
plication. Let EB be the horizontal, and also the direction 
of movement of the curve AB, in its proper position. From 
the construction, we see that the center of pressures due to 
the direct reaction of the moving particles is at F while that 
due to the pressure emanating from the center C is at G. 
If we draw a normal from the point F, its inclination is 
against the direction of motion, EB. But one drawn from G 
inclines with it. or forward. The resuUaivt o^ Wi^'s.^ v^"^ t^^'^'^- 
Bures is indicated by H, and t\ie ivotm^X \.ci \.\i.^ va.^x^'i^'^ •^w^.^:^c>^ 
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point shows a alight torwanl preesure. From the study of 
Figure 20 we find that there ia a third cleTnent of proBsnre, 
MN, whoHp intenKlty ia greatest towards the front. This 
igain changes the location or the center of pressure, placing 
it In advance of the point H. And as the normal at this 
point Inclines forward, there should be a perceptihle forward 
pressure developed, a phenomenon I have oh served when 
testing tny aeroplanes, and one which 1 believe has been ob- 
served by others.* 

"Tbeae conclusions regarding the location of (be center 
of pressure seem to be confirmed by observations made when 




and ii- 



1 first entered this study. Taking specimens of largo birds, 
eagles, pelicans, hnziiards. etc.. nowly l;illed, I braefd their 
wings in the normal position of soarinc. I (hen liaUmred the 
body by thrusling t^hai'ii points Into il. inunedialely iiiidor the 
wings (freiiueiit correeliona having been mndf lo ud.insl the 
bracing so as not to inlrodiioi' I'prors into liaiancingi, and I 
found (he center of gravity under a poinl in lln' vviii!! aii 
proximately correfiionding wilh the iKiiiil I have iiiiiiealod as 
being the center of pressure. 

■Heforo leaving this part of llie .■^ulijcel I must call alten 
Hull to (ivo important elements— Mist, from a study of I'igure 
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23 it is seen that it is the reaction within or under the curve 
that causes the ascending current in advance of the curve; 
hence, should there be an object within this space, causing a 
resistance to the fluid movement, it by reaction will further 
increase this rising current, and as this is increased the 
front edge may be lowered still more, and thereby the ele- 
ment of pressure on the forward surface augmented, which 
will partially compensate for the resistance due to the object; 
second, in the use of two surfaces, one in advance of the 
other, the line of development is suggested in Figure 23. 
Suppose this surface be divided at D and the sections moved 
apart, the intervening space gives to each part an individual- 
ity, but their mutual reactions give them an interrelation. 
Hence in the practical use of such surfaces the curvature of 
that forward should be more pronounced, and its inclination 
greater than that in the rear. However, without a proper 
understanding how to determine these elements dangerous 
mistakes might be made." 

THE FORWARD RESISTANCES 

The resistance aeroplane wings — and the other elements 
of the structure — oppose to movement through the air are the 
measure of the power required to maintain it in operation 
In the case of a wing the accepted term to describe these re- 
sistances is "drift." 

AERODYNAMIC DRIFT 

In its original sense, as employed by Chanute. who coined 

this use of the word, drift was understood to mean only what 

for the sake of more accurate distinction the writer prefers 

to characterize as the "aerodynamic drift** — the backward- 

icting element of the pressures against a wing surface. See 

^age 85. 

There are. however, two other ways in whicli a flow of air 

ay tend to drift an object along with it, and this condition 

IS led to confusion not so much by complicating analysis as 

does observation of a given condition. 

FRICTIONAL DRIFT 

his is the type of drift due to tU^. ?t\\> <^>^ ^\^<^ ^vc V^ ^^''^'" 
tion on the wing and ot\Aer ^wr^^o^c^ 
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HEAD RESISTANCE 

The direct pressure of the air against the edges of wings, 
and of all other elements involved in an aeroplane, in accord- 
ance with the accepted tables of wind pressure (See Page 42) 
is commonly considered as part of the resistance that must 
be battled against by propeller thrust. And as a matter of 
fact this is the case in improper designs, but with the use of 
stream-line forms a different condition Is introduced, for 
which reason the writer has substituted for "head resistance" 
the term "penetration drift", as is explained in detail in the 
following chapter. 



CHAPTER THREE 

THE ENERGY BEQX7IBEMENT 

Absolutely the most backward and the least developed de- 
partment of aeronautical engineering is that relating to the 
energy required to move a flying machine through the air. 
First deterred altogether from even a hope of a satisfactory 
result by the seemingly insuperable difficulties in this branch 
of the problem, when competent engineers did seriously un- 
dertake its solution they were then misled, by the develop- 
ment of the light-weight gasoline motors that had become 
available with the advent of the automobile, into clumsy 
evasions of the finer flight problems — resulting in the use of 
devices having for their basis the most brutally inefficient 
elements made operative solely by their employment in con- 
junction with the grossest excesses of squandered power. 

This misapplied energy has been expended chiefly in the 
form of wastefully-excessive propeller thrusts, necessary to 
overcome head resistances that in modern aeroplanes are un- 
necessarily present, and therefore are mistakenly allowed 
for in computations that have been loosely based upon the 
various approved wind tables. 

As far as the mere "aerodynamic drift" (see Page 71) is 
concerned this — by means that are still so inefficient and in- 
correct as to admit of much further improvement — has been 
reduced in at least a few fast modern machines to so small 
a proportion as one-twentieth of the lift, requiring for the 
purpose of overcoming it, for example, only fifty pounds pro- 
peller thrust to fly a thousand-pound machine. 

In the matter of skin friction, this at most does not exceed 
flfteen or twenty pounds in an average aeroplane, at the usual 
speeds of operation. 

Consequently it is impossible to find any adequate ex- 
planation, other than that of excessive head resistance, to 
account for the three-hundred and four-hundred ^^>\\\<Js. V^xxn^.'^v.'s* 
necessary to fly present aeropVawes. Kw^ vjl^ \Xv\^ ^^ '^^'^ ^v ^ 
proportion to the results secured m w^Vwt^^ "^^"vc^^ ^'^-^n-^' 
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: appears evident upon th.a t&ce at it that something Is 

To discover the reason Tor this discrepancy between i 
ults secured and results that apparently should be secured. 
he writer has recently devoted considerable time to an 1 
estlgatlon of this neglected subject. 

The result of his work has been the discovery of a hei 
ofore overlooked aerodynamic phenomenon of the utmost i: 
(ortance In Its relations to the energy requirement, and 
vhlch, by proper application of Its principles, la beyond ques- 
lon destined to contribute the essential basis t 
aeroplane progress. 

RECOVERY OF THE WORK OF PENETRATION 

It has long been known, as a result of obBeiratlon and ex- 
I>erlment. that objects of certain shapes offer less resistance 
than others of the same projected areas to rapid movement 
through air and water, or other fluids. But despite this gen- 
eral knowledge, extending even to a widespread understand- 
ing of the forms that afford the moat advantageous effect, not 
the slightest glimmering of the real reason for the advantages 
secured seems to have entered the minds of even the most 
clever and resourceful Investigators. For this reason no In- 
telligent application of these forms has been possible, and 
even thi- attempt to apply them has been widely neglected. 

STREAM-LINE FORMS 

The type of body that offers a minimum resistance to 
movement throuRh a fluid is Ihat liaving a stream-line form 
of the general outline shown in FiKUre 4. 

The Prevalence In Nature of Ihe streamline form is alone 
sufnciently conclusive evidence of its superiority for Its pur- 
pose. Thoupli modified ill innumerable minor respects to 
meet special or individual conditions, its essential and funda- 
mental characleristics appear in the bodies of practically 
every creature that moves at any but the lowest speeds 
through air or water. 

In ihe water, from the smallest 
there Is always (he characterislic 
either blunlly roimded or with the greatest tluckuesB in 
a/7^ case well forward of the middle, in combination with 
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a more finely tapered rear body sloping back in reverse 
curves to a pointed or thin-edged tail. 

In the air, the bodies of all birds present similar contours, 
and, as with the denizens of the deep, there is the same nota- 
ble principle from which there are no deviations. For, no 
matter what variations there may be in the heads of the 
different creatures, which present the greatest and most com- 
plex dissimilarity, there is never any material modification of 
the apparently fundamental necessity of placing the greatest 
thickness forward of the center, with the after portion of the 
body always provided with the finely-tapered stream outline. 

Nor are nature's applications of the stream-line principle 
by any means restricted to body-like elements. The fins of 
fishes, and particularly the fiippers of seals and the fiukes of 
whales, as well as the wings of birds — as is abundantly shown 
elsewhere herein — invariably disclose upon careful measure- 
ment or dissection characteristic stream-line sections. 

Analyses of Experiments of the different investigators of 
this subject are most informing, and, indeed, were the mean^ 
by which the writer reached his original conclusions, which 
were not until sometime subsequently checked against and 
confirmed by his own practical tests and experiments. 

In a research of this character, it is a policy always worthy 
of consideration, to regard the data of preceding investiga- 
tors as more deserving of consideration than are their con- 
clusions, the first being matters of fact and the second mat- 
ters of opinion. A consistent regard for this policy in the 
attitude maintained towards the work of others will enable 
the discriminating worker to avoid retraversing much old 
ground in efforts to determine the physical facts underlying 
observed effects. 

This being the case, the writer will employ for the illus- 
tration and proof of his explanations widely-accepted data 
derived from the work of others, commencing with the ex- 
periments of Hiram S. Maxim in 1894. 

Maxim's experiments were conducted to determine the re- 
sistances of different forms of struts, and the lift and drift of 
different forms of sustaining surfaces, which he contemplated 
using in his famous Baldwyn Park aeroplane, and which for 
the purposes of the test were placed across the mouth of a 
wind tunnel having an opening three feet s<\u;i.T^. 

The air blast was supplied by a Te\o\Nm^ Va-x^, nko^Vv^'n^x^^ 



Fig. £C. Klg. LiT. FJe, 28, Fig- 20. Fig. 31). 
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Figure 3S. — Strut lornu uati In tbe Maxim experlmeDti. 
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lind a plurality of Internal partitlonB that prevented eddies 
n the current at the point where It reached the pieces under 
est. 

All of the surfacefl tested ware long enough to reach be- 
'ond the edges of the tunnel entrance, bo that a portion of 
«ach Hurtace exactly thirty-six inches In tengtti was subjected 
o the conditions. 

Commencing with the ten different atnits IlluBtrated In 
^gureB 26, 27, 28, 23, 30, 31, 32, 33, 34, and 35, it is to be noted 
hat the thickneBs or projected seclion of all of these ia ex- 
uctly two inchoB, with the Bingle exception of that in Figure 
:7, which 1b the same as that of Figure 26, turned so that it 
Btanda cornerwise inalead of flatwise to the air current. It 
also is to be noted that Figures 29 and 30. 31 and 32. and 33 
and 34 are alike, almply revereed Is directioD. 

For the purpoae at ready comparlBon, the reeulte secured 
with these ten dlOerent Bectlone are tabulated on the oppo- 
site page. 

The next experiments were with the five different aero- 
plane sections Illustrated in Figures 36, 37, 3S, 39, and 40, 
and with the aurtaces shown in Figures 41, 42, and 43. of 
which It Is to be noted that the two latter are the atmts 
shown tn Figures 33 and 34, used as sustaining surfaces. 

In the tabulation of the effects secured with these different 
surfaces, there are a few points that seem at flrst most para- 
doxical, but which subsequently reveal themselves as pos' 
sessed of the most astonishing si^niilcances. 

To call attention to these briefly: first it is to be noted that 
though the projected area In Figure 27 is increased by 41'f. 
percent over the projected area of Figure 26, the pressure act- 
ing against It is increased by only six percent. 

Second is the observation that in the caaes of a 22Vi per- 
cent increase in the speed of the air currents applied to the 
struts in Figures 26 and 28. the pressure atlini! aRainat the 
square bar increased over thirteen percent, while lliat 
against the round bar Increased only six percent— less than 
half as much. Had the increase been with the square of the 
speed, as is commonly assunied, ibe pressure against both 
bars should have risen 48. S percent. 

Most extraordinary, of course, is the fact tliat the preatly- 
elungatot] sections (llusliated hi Fi>;urfa 2'i to Jt., \nt\vis\vv, 
f/itiif such a reniarkable lowering oi U\e resvi^.a.'cicea \ie\ii\i 
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hoBe secured with Figures 2G and 2S, wblch preeeat the 
same projected area. 

In the cases of the suatalnfug surfaces, it Is to be noted 
that though the lift progressively incroasea with increase of 
ingle, the drift Increases at a much faster rale, bo that with 
Lhe Burfaces used in the tests, which in their best examples 
are similar to those used Id modern aeroplanes, the most 
Bfllcient litt-to-drift ratios are found at Ihe flatter angles, with 
less than the maslmum sustentions. 

Even more interesting is the fact that in the gradual prog- 
ress from thin to thick surfaces shown in Figures 37 to 40, 
Inclusive, there Is a progressive decrease in the drift resist- 
ance as the thickness heconies greater. 

Perhaps the most extraordinary result of all la that secured 
with the strut Illustrated In Figure 33. when used as a sus 
tainlng surface In the two posllioDs illustrated in Flp!;ureB 42 
and 43, Uie superior effect secured with the blunt edge fore- 
most being particularly a contradiction of preconceived 
Opinions. Aad a comparison of Its dimensions and the lift 
and drift figures It affords, with the similar figures secured 
from the sections Illustrated In Figures 37, 38, and 40 will 
further coulound the preconceived opinions. 

Iilttle less astonishing are the figures derived from the 
strut shown in Figure 41. 

A remarkable feature throughout all of the teste ts the 
much lower drift reslHtances secured with the elongated 
strut sections than are secured with the still more elongated 
sustaining surfaces, which though placed at slight angles, are 
at angles that in most cases stiil afford far less projected 
area than is present In (he strut sections. 

To reconcile or to dismiss the seeming Inconsistencies be- 
tween these different results, which were accurately checked 
iDy Maxim, and which can be easily confirmed by any one. 
seemed to the writer a problem worthy of the most profoun;! 
investigation, though it has proved most abstruse and haf- 
flinc to a great number of experimenters who have been wont 
to assume, probably correctly, that the actual head resistance 
of an object moved through the air is determined more by its 
projected area than by the form of its front or rear portions. 
To the extent that this opinion concerns the front portion, 
fe probably is sii large measure correct, (or it the form be 
otJiiT lliuu rh.it beat adapleil to ptt\\eUai.« ^\^'-■ avr ■«\v\\ a. 
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minimum reBistance, inert air massed against it will auto- 
matically assume such a form and thus in large measure 
supply the lack. This has been clearly evident in many 
wind-tunnel experiments, in which the front form of an object 
has been found not to change greatly the resistances. 

The same thing has been repeatedly observed in automo- 
bile races at extremely high speed, cars with pointed fronts 
not being materially faster than those with square fronts. 
Yet that there is some difference due to changes in the front 
is shown in the Maxim experiments by the difference in the 
resistances of the struts illustrated in Figures 29, 30, and 31, 
as compared with that illustrated in Figure 35. 

A common hypothesis to account for the greater resistances 
of struts shown in Figures 26, 27, and 28, as compared with 
those shown in Figures 29 to 35, inclusive, is premised upon 
the supposition that the air in some manner banks up against 
the front or eddies around the edges of these blunt forms in 
such a manner that the width of the disturbed track in the air 
is much greater than the projected section of the object. But 
reference to the frontispiece of this book will show that this 
conclusion must be now dismissed, since wind-tunnel 
experiments, accompanied by methods of rendering photo- 
graphically visible the disturbance and separation of the 
air streams flowing around solid objects immersed in them, 
prove the direct contrary, it being now known that the 
separation of the parted air currents is not materially greater 
in the case of shapes that are proved to possess high 
resistances than they are in the cases of properly-formed 
stream-line bodies. 

The consequence is that some other explanation than that 
of greatly differing head resistances would seem to be neces- 
sary to account for the extraordinary superiority of stream- 
line forms, and to reconcile such apparently conflicting data 
as that from the Maxim experiments. 

THE REACTION IMPULSE 

And this explanation, by scientific analysis and deduction, as 
well as by processes of experimental elimination and demon- 
stration, can be proved to exist only in a heretofore urs.u.s»- 
pected effect exerted on the rtarirurd ^otWotv o1 ^ 's.Vc^-^xsxXxw^ 
form — and lacking in the cases ot oWvev toTvcv^ — ^^\ve\^\^^ "^ 
elements of the parted body ot aVr ^\»T*m^ Vo^^^^^^"^ ^'^ 
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rter they have passed the iKiEnt of maximum Reparation. 

lid thwi nvlUfy the head ivnistance almott eompleteig by a 
'pfinite propelling prciture exertrd agninut the tapering rear of 
he boJij an H esvnpcn from fcfturrn iHt< wtdgfd-afmTt manses 
f the auiToiiniiini/ alwosphrrc — for all the world like a 
.atermelon seed projected from between the moistened 
ingerB of a small boy, wltti this difTerence, however, thai in 
he case of the air thp friction ie ao low, the air bo perfectly 
laetic, and Ihe pressure so ndvantageously applied, that under 
avorable conditions the action ia probably one of the moat 
sfBcient known in engineeriQE — undoubtedly well over SS 
jiercent in the caae of the birds. In the case of the section 
Shown In Figure 35. with a reatslance of .19 pounds, If the 
Bection shown in Figure 2fi be accepted as a etandard ot 
normal pressure, with Its resieuince ol 4.66 pounds pressure, 
then the change to ttie eloagated section eliminates over 96 
percent ot the pressure. Actually, since the strut In Figure 
26 presumably benefits in some d^ree from the reaction 
Impulse, the offlciency as compared with an accurate stand- 
ard of normal pressure must be still higher. The effect of 
this condition in its relation to the power demand wilt be 
realized upon reference to the final paragraph under pro* 
peller "Thrust," on Page 139. 

Indeed, this action ia found by experiment to be so extraor- 
dinarily efficient that !t certainly renders totally unnecessary 
and definitely wrong the use of very thin wing surfaces 
and similar elements !n aeroplane design, now that it can 
be shown that (he reduction ot head resistance is of only 
the slightest importance, as compared with that of utilizing 
the wonderful means available for recovering almost the 
whole of Ihe energy expended in overcomiiij; it. For example, 
comparing the effecis spcured from the strut shown in 
Figure 2ii with that from Fifiure 3.'>. thf- latter of which pos- 
aesaes only ouelwentyfoiirth aa much resialance. and faking 
this Into cousidcrailon in conjunction with the fact that the 
total projected area of an overage aeroplane ia only from 
20 to ;i.^i Kduare feet. It becomes at once evident that even 
a sinfile square foot without reaction recovery may easily 
require as much energy to force it (hrough the air as is 
required for all the rest of the machine, minle into proper 

T/iis beaiili fully sin! pic. iIiourU \-n.>velolQvi \>T'^^'ivvr>'^M 
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obBcure and unrecognized example of tbe murelouB Inter- 
relation at aerodynamic laws, ae they act to "recover tbe 
work of penetration," Is Illustrated In Figure 44, In wbtch, 
after the parting of the air etreame by the Btream-Une 
form to a maximum separation of the projected distance 
AB tbere follows the closing together under pressure from 
the adjacent raaeses of the atmosphere, which Is indicated 
by short arrows at CC. 

The Factors of Efficiency In this "reaction impulse" con- 
cern chiefly the angle and the skin friction. 

Obviously, as In the case of all surfaces, tbere Is some 
angle so flat that the coelTlcient of friction will prevent 
tbe wedge from being thrust out from between tbe opposed 
pressures. With air this angle Is possibly flatter than with 



ikitt^^z^ 




FlRiirr- 44.— Strinm-Unp form movlne thmiieh b fluid. Thi> energj 
e:ipt^i](Jr<] In tU>' parltng vt the lliiiil Hlrv;iinH lu llie proJcrI<>d dl^lanc? A 
B Is In lai'CP nii-amiri' ri'covrn'd l>j- llip ri'Ui'tloii pri'Ruun-s C ('. which 
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to a recovery, in the form of a reaction impulse, of some 
of the energy expended, is evident in the results secured 
in increasing the velocity of the air flow against the struts 
shown in Figures 26 and 28, in which case the pressure 
failed to increase with the square of the speed, as remarked 
on Page 78. From this case the writer assumes that even 
the inert air pocketed behind an object not of stream-line 
form is in greater or less degree capable of transmitting 
the reaction impulse. This is further suggested by the 
figures Maxim secured with a plate six inches square, which 
he subjected to the same currents to which he exposed the 
struts and sustaining surfaces, and the data from which is 
included on Page 79. But that even a slight wedge form 
given to the rear of a body at once renders it vastly more 
efficient for penetration of the air is shown by the strut in 
Figure 27, in the case of which, as is explaired on Page 78, 
the increase in resistance is only one-seventh of the increase 

in nrni^otoH nran 



THE ENBBOT REQUIBEMENT g5 

8K1N FRICTION 

Many Investlgatora laying claim to authority In this Held 
ot englneeiias have regarded the akin friction of flowing 
air over the surfaces of Bolide as too slight to be wortby 
of consideration. 

How erroneous this opinion is is concluslveiy evident In 
several familiar phenomena, once they are regarded in the 
light of their relationships to the subject under consideration. 

A baseball, for example, which the arm of the strongest 
pitcher is capable of spinning only at a fairly moderate 
speed. Is nevertheless made to take a pronouncedly curved 
path as the result of the difference In skin friction between 
the side that revolves with the direction of travel and that 
which revolves aga.lDBt It, and no baseball enthusiast needs 
to be reminded of the great difference In the effect pro- 
duced when part of the surface has Its character changed 
by moisture, aa In the ease of the spltball of certain famous 
pitchers. 

Another familiar example of the friction of moving air 
upon a surface la preaented In the ruffling of water areas 
Into wavea by the flow ot even the Ilghteat winds across 

In the writer's knowledge, similarly Impressive evidence 
In the form of specific and tabulated data has been secured 
by impinging Jcta of air against revolving balls, auspended 
by light threads so as to turn very freely. 

Skin friction, besides being afEected by tlie character of 
the surface, augments with the square of the speed, and 
possibly at some higher rate at very high speeds, which if 
BO will account for its seeming a much more pronounced 
factor at high speeds than at low. This is especially mani- 
fest in the results secured with air propellers, which at high 
speeds waste so much power from this cause that It Is a 
principal reason for their being vastly less efBclent than 
slow-speed propellers with higher pitch. 

THE AERODYNAMIC CONDITION 
Having shown that head resistance can be -aX-mci^v fetvvx-^^-^ 
suppressed, and that the reaistancea iiwfe Vo aV,\vi. '.VwNXw^ *-'^^ 
in any case not of preat magnMuAo. \V \)Ctio-cr.';?. '"^'^'^^'^^ 
to consider the one other \ooplio\e Iot t'o.e \ea^'i-'fe^ '^ 
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-or for tbe Improvement of aeroplane efficiencies by stop- 
iDg the leak. 

THE TANGENTIAL 

It is s. remarkable fact, which hae been proved by more 
ban one experimented, that with a proper wing surface 
lot only Ib the aerodynamic drift (see Page 71) completely 
uppressed, but its place is taken by a marked forward 
ncllnatlon of the lift component, so that Instead of adding 
,o tbe forward resistances this phenomenon may bn conn'.cd 
ipon partially to neutralize tbe penetration and trictlonal 
IriftB in very perfect surfaces operating under ideal con- 
ditions. 

Something of this sort is doubtless a partial explanation 
of tbe effortlesB Right of aoarlng birds, in which there is 
presumably the lowest possible reduction of skin frtctlon 
by tbe smootlineaB ot the feathers, a similar minimization 
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of the penet 

of forms aftordinK 

impulse at normal speeds of i 

developmeiil of Iho tangential. 

Second only lo supprt'sslon of the drift component is the 
enormous increase In Ihe lift coniponeni with a proper wing 
surface, tbe lift of which may rise to i very bifib percentage 
of the pressure aeainsl Uie same surface with the same air 
ffoH-. silth the chord of the curve nt rieht angles with the 
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tire result illuatxated In PIgrure 45. That almllar reaulta 
are not secured In modern aeroplanes ts sufficiently estab- 
lished by the tact that the most accurate wind pressure 
tables of recent years afford at corresponding speeds figures 
much more than twice as high as the highest sustentions 
yet secured with aeroplane Burfaces. 

For a concrete example, at a apes'! of eighty mtles an 
hour, the pressure oa a square foot of surface normal to 
the wind ia certainly not leas than twenty-five pounds. On 
this basis the Lilienthal result of fifty-two percent would 
call for a sustention of thirteen pounds to the square toot — 
over double what is realized In any modern machine of 
practical qualities traveling at this speed. Thla comparison, 
moreover, is even more of a reflection on the modern aero- 
plane when it Is considered that the sustaining surface with 
which Lilienthal made his experiments was a thin circular 
arc distinctly inferior to the thicker parabolic arcs now used. 
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As has been previously s\iKKes\eA, \w vl *\\\VAf.v- lA ^^--^ 
lorm. besidim the minim izal. ion oS ^r\eV\oi\-i\ a-wX \.tv>»'-''^'-^ 
drift there is the entire suDuressiou ol v^v'^ '^'^"^''^ c<i«v\>o 
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of the acting force, which therefore is discovered to be not 
a phenomenon of proper wing action but a phenomenon 
confined to incorrectly formed surfaces that it is attempted 
to utilize as wings. 

In this connection there are to be remembered not only 
the experiments of Lilienthal, in the course of which he 
discovered the tangential effect just explained, but also the 
observation of Chanute in 1896, that under certain conditions 
a bird wing held in the hand in a sixty-mile gale was drawn 
strongly into the wind. It is a curious related fact that 
kites of certaii} types can be built so that they will rise 
vertically overhead and approach the wind as in Figure 46. 

While all of the backward impelling forces perhaps cannot 
be eliminated from the different elements of an aeroplane, 
however much they may be reduced by improving the 
reaction impulse, reducing the skin friction, and by develop- 
ing the tangential in the place of aerodynamic drift, there 
can remain no question but that in present machines they 
constitute far higher resistances than they are going to 
constitute in the flying vehicle of the future, which as the 
months speed by looms more and more upon the horizon 
of human endeavor as the greatest marvel of engineering 
perfection and efficiency that the genius of man has ever 
hoped to wrest from the inscrutable mysteries of force and 
matter. 



CHAPTEH FOUR 
EQmUBRIUH AND CONTROL 

The equilibrium and the control of an aeroplane are two 
factors that suataln close and confusing relationships. 

To attempt, however, a distinction that has been almost 
as sadly lacking in the design of the aeroplanes themselves 
as la the literature of the art, It may be suggested that the 
term "equilibrium" might advantaseoualy be restricted In 
its application to such qualltlea In the form and arrangement 
of surfaces as tend by the contribution of an inherent 
stability to keep a machine right side up despite disturb- 
ances In the atmosphere, and Independent of manipulation 
by the operator, while "control" and "balancing" could 
be properly confined to the movement of rudder and other 
surfaces by the operator, primarily and properly for the 
purpose of steering, but upon occasion and in some machines 
for the purpose of maintaining the balance. 

AUTOMATIC EQUILIBRIUM 

In Its common significance this term has come to be 
descriptive of means or devices for correcting an aeroplane's 
deviations from its normal level automatically — independent 
of the attention of the operator — by the movement of con- 
trolling surfaces actuated by air pressure, electrical devices, 
the gyroscope, or what not. 

To the writer It seems that "automatLC-balancing device" 
is properly the term for such mechaniama— which in the 
majority of projects for their application are designed to 
effect only the lateral control, though there are exceptions. 

Altogether preferable to any conceivable type of automatic- 
balancing device must be such disposal of stabiUiing and 
BustaininK surfaces as will produce an inherent equilibrium 
— an equilibrium like that of the parachute, which is almost 
incapable of being upset, and which \t M v^ li-^s.eV -iiWV -k\'<&w;^ 
alteniJon from the operator ri&\vl \l^e\i. '^''J ^"^^^ '^'^ "^^ "^^ 
meant to imply that the only via.-s QT ^Ne-o. ^^^^ -vt^"*^^ ^ 
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it securing such Inherent equilibrium 1b to place the weight 
ow, thus securing the peudulum-llhe «(Tect of a parachute, 
tut the point is chat, by whatever means, an aeroplane 
ibould take care o( the operator rather than the operator 
it the aeroplane. It any such satety as Is autlclpated le 
fver to be secured. 

It can be proved by experiment wllb dead birds that a 
>lrd with Its wlngE fixed In a certain position can not (all 
ibruptly, no matter in what position It may be released 
n the air. but will always come down at a very flat and 
berefore safe gliding angle. And since as much bas been 
done with at least one aeroplane, why should not this 
(juallty Id machines he developed in preference to the 
developmenl of complicated and therefore unreliable and 
dangerous balancing devices, which amount practically to 
eTaslons rather than solutions of the problem, leaving It 
Incumbent upon tho oiK-rator to keep the machine rlgbt side 
up — a policy certainly Inherently dangerous in that for many 
reasons there Is always danger of momentary lapse of an 
operator's attention? 

STABILITY 

An aeroplane can tip over either sldewise or endwise. Con- 
sequently, to maintain it right side up can require provision 
only for malntaluing lateral and longitudinal equilibrium. 

LONQJTUOINAL EQUrLIBRIUM 

It is now well ettablished. both from observation of flying 
animals and In !he construction and operation ol flying 
machineE, that there are a conslderahle number of ways, 
all more or let^s elTective, of maintainlnt; the longitudinal 
balance of an aeroplane. These luelhnds are. moreover, 
capable of use Loth independently anii in various com- 

And as has been made clear, there is further choico 
available In thai some of thess methods ari' of a nature 
to operate automalically againsl disturbing forces, whereas 
others require actuation by manual or automatic conlrollinp: 
means, in consequence of which they are either danKerously 
object ionabSs. or are more propctly to Kw. consiilered as 

Separated Surfaces, two in numVior, one pTete4\sv% ^^^"5 
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other, constitute a most perfect means of maintaining fore- 
and-aft balance. Over thirty years ago it was demonstrated 
by Penaud in France that with curved advancing and fol- 
lowing surfaces, the first with a positive angle of incidence 
and the second with a slight negative angle of incidence 
to the line of travel, longitudinal balance could be secured 
automatically in an aeroplane model. An analysis of this 
efTect shows that in case of a dive, the speed being thereby 
increased, and the action of the air beneath the forward 
surface thus continuing a vigorous lifting efTect, it tends to 
rise, while the air striking on the upper side of the rear 
surface tends to bring it down into its proper position. On 
the other hand, in case the front of the machine rises unduly 
the rear surface comes into such a position that it presents 
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Figure 47. — LonpitudinnI stabilizing action of two tandem sur- 
faces, witii tile second at a sligiit negative angle to tliat in front. 
If the front of the machine rises, the relative increase in the angle of 
the rear surface is greater than that In the front surface, with the 
result that the rear lifts and corrects the level of the machine. Con- 
versely, if the machine dives, the angles become stich that the loss 
of sustention is greater with the rear surface than with the front, 
causing the equilibrium to be promptly regained. 

a much greater angle of incidence to the line of movement 
and therefore commences to lift in greater degree than 
before, thus quickly returning it to its proper level. A more 
detailed analysis of these stabilizing conditions is presented 
in Figure 47. 

Obviously, to avoid exaggeration of the stabilizing effect 
to the point where it would disturb rather than preserve 
equilibrium, the two surfa<ies must differ in their angles very 
slightly. 

It cannot be escaped that the convenient and effective 
means of longitudinal balancing, by separated surfaces, may 
most advantageously combine two purpose's* — ^\\\wa.\^"i ^s^^- 
venting the forward or backward u^i'^elWw^ <^V ^^^ n^^xOv*; 
but secondarily providing means tox ^V^^vVtv^ \v(^ '^'^ '^^ 
Thus considered, and if as \s loo ollexi V\i^ ^'^i.'s.^ x:^'^^'^ 
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inbatituted (or the eafer automfttlc longitudinal stability 
I controlled longitudinal balance, tbe problem bocomes one 
:>iat admits of a variety of solutions. Tbus, the elevator, 
ir horfzobtsl rudder surface, may be placed either at tbe 
ear or in front^l.he latter a placing that Is more common 
o biplanes than )t Is to monoplanes, though there Is a 
ommendable tendency on the part o( the most advanced 
inglneers to discard It In both types of aeroplanes. This 
B because rear rudders, while affording the same steering 
iffect as can be bad with front rudders, also afford the 
lutomatic longitudinal equilibrium jual explained. 

Among the Incidental merits due to two or more surfaces, 
one preceding another, is the compacting of the auHtaining 
areas in a minimum space, bo It is not strange to find that 
plural cairying surfaces are commonly provided In the dealgn 
of modern aeroplanes. 

LATERAL EQUILIBRIUM 

True lateral equilibrium with an aeroplane can be secured 
In a number of ways. In addition to which there are the 
lateral balancing deTlces, consideration of which Is reserved 
to the section devoted to "Horizontal Steering" (see Page 
94), under which heading these systems more properly fall. 

□ Ihedral Angles at the Junctures of wing pairs, as In the 
Antoinette and other monoplanes, possess the merit of 
affording considerable Inherent stability in calm air, but In 
disturbed air they often tend to have Just the opposite effect, 
the low position of tbe maximum weight causing the 
Invariable trouble that results In thus placing it — a pendulum- 
like oscillation of amplitude that tends to increase until the 
vehicle overturns. Birds often soar and maneuver with their 
wings in the dihedral poEJtion, but their ability Instantly 
to adopt other positions when occasion demands relieves 
them from the dangers that are Introduced when the angle 
Is made permanent. This Is not to say. however, that an 
aeroplane with dihedral wings cannot be made to fly In 
a wind with considerable safety, since some machines so 
built have performed excellently in anything but calm 
weather. But the point is that the dihedral anRle is not 
/n Itself a co;itribu(ing clement to stability in rough weather, 
aad it is doBpite it rather than because ol \\. ^^ia.'^. cftt\a\^ 
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macbinee are kept stable, ueually through the constant 
manipulation of wlng-warplng devices. 

Many soaring birds that In flight set their wings at 
drooi>ed or flat angles are observed to hold the extreme 
tips of their wings pronouncedly upturned— possibly for the 
balancing etFect of the dihedral poBltloa, although this Is 
by no means certain. 

The manner in which the dihedral angle operates to main- 
tain balance Is very simple. The wings being la their normal 
positions at angles of less than their maximum effectivenen 
(or suBtentlon, when the vehicle 1b tilted the lower wing 
becomes more and the higher wing less effective, so that 
the tendency to tilt automatically corrects itself, bringing 
the whole apparatus back on an even keel. 

Vertical Surfaces for maintaining the lateral balance of 
an aeroplane are analogous to the similar use of such sur- 
faces In box kites, and act In a most effective and wholly 
automatic manner — the least Inclination at once bringing 
the side of the normally'neutral vertical surface that is 
toward the Inclination, Into play ae a more or less effective 
lifting surface — varying with the extent of the tilting — with 
Ibe result that the air pressures Instantly tend to force it 
back to its normal position, Whether tor this purpose, or 
as vanes or rudders, surfaces placed vertically, though not 
present Id any flying animals except the varietlee of flying 
fish, are found quite Indispensable in man-made flyers. 

Placed to the rear of an aeroplane, a vertical surface of 
suitable form and size will exert an especially effective 
and Important stabilizing function by keeping the machine 
headed always on a desired course, or in the event of dis- 
turbing Influences will head U into gusts of wind, wbich 
if continued In coming from the side mifiht prove dangerous. 

So employed, the action of a vertical surface is literally 
analogous to that of a weather vane, since it keeps the rear 
of the machine always rearmost in its line of travel. Thus 
if a wind BUHt strikes the side of a machine, broadside on, 
it will exert its greatest effect aKainst the vertical surface, 
which if placed at the rear must immediately pivot around 
the center of mass and cause Ihe machine to face (.lift ^.■is,^. — 
a condition of perfect safely aa \cm?, ^?. vVe \(itv*;\vvA\'^^ 
equilibTium is equally well inainta\i\e4 \i-^ Vne w.ua.'M. v.-^ 
which it Is dependent. 
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In the one other circumstance !n which a machine can upaet 
—It it tIpB Bidewlso and ho comineDCes to Tall sidewlse— the 
ictlon of the vertical BurTace la similar to Its action in the 
tase of the wind ^ust. \he Front or the machine Tailing freely 
while the movement of the rear la impeded by the air acting 
ig-ainat the fin. thug atiowlng the machine no option but to 

plunge head Jirst. again a condition not dangerauB so Ions 
IS the longitudinal equjiibrium and control means are serviQi; 
heir purposes. 

The use ot larRe vertical eurfacea forward la now found 
n few aeroplanes, and is probably altogether mlataicen design 

aince Its tendency Is to turn the front of the machine away 

from the wind or Its direction of fall, a condition that cannot 

be otherwise than dangerous. 

STEERING 
The steering of modem aeroplanes Is a problem presenting 
BO lew dlfflcultlee that It has been more or lees successfully 
solved in a very considerable variety of constructions, all of 
which, however, are subject to ullects and conditions that 
must be Individually studied and reckoned with by the experi- 
menter or tbe designer who aeelta the highest quality of 
practical result 

HORIZONTAL STEERING 

Horizontal steering, to one side or the other without neces- 
sarily involving any change in height, is most commonly 
accomplished in modern aeroplanes by vertical rudders, acting 
alone or in conjunction with unsymmetrical manipulation 
of portions of the wing surfaces. 

Vertical Rudder*, placed generally at the extreme rear of 
an aeroplane, steer sidewise in almost exactly the same 
manner as a boat is steered sidewise liy a similar rudder. 

Wing Warping as a means of KtecriiLB or balancing consists 
of a simple unsymmetrical twisting of the wing tips, so that 
the one on one side ot the machine is liiti'd up. while the one 
on the other side Is Bimuitan(H)ualy (illfd down — by any 
suitable means that can he used lo produce this change in 
form. The effert is to shift the maximum lift of the wings 
/o ont- side of the machine or the other, as a simple result 
or varying the ansies of incideuce~lUe ■in¥,\ea o^ >s\i\¥.-\.\^ 



EQOILIBKIUM AND CONTROL 95 

Properly employed, this manipulation conatitutea a most 
Important and elective means of lateral eteerlng, but Its 
function has been widely confused with Its other possible 
function of lateral balancing, tb rough Its use in many 
machines, ancient and modem, for this purpose. In the 
Wright biplanes there Is claimed a patented combination of 
wing warping with Blraultaneous manipulation of the vertical 
rudder at the rear, to resist the drag set up by the warped 
end of the wing, but that exactly the same effect can be 
secured with a vertical surface at tbe rear having no sldewlse 
movement, and therefore constituting a fln instead of a rudder, 
is not generally appreciated. Yet use of a surface of this 
character, made very large to eliminate the necessity of the 
higher effectiveness per unit of area that can be obtained 
with a steered surface, ijuickly demonstrates Its effectiveness 
as a rudder substitute, as well as for the stabilizing function 
exerted by it. This combined use Is the subject of an 
Important claim In tlie Montgomery patent. 

In the Wright machine, or In any machine of similar type, 
when traveling straight ahead there Is neceasary frequent 
though usually alight manipulation of the wing warping to 
prevent the machine from careening sldewlse. In steering, 
however, there Is given the deflnlte unsymmetrical twist 
to the wings by the warping, which causes the machine to 
veer in one direction or the other, while at the same time 
tliere Is set up a drag that momentarily tends to produce 
a reverse turning movement. This movement is resisted 
by manipulalion of the vertical rudder. 

In a machine of the Montgomery type, in straight flight 
the lateral equilibrium Is left absolutely to take care of 
itself, any disturbance beiuR instanlly neutralized In the 
manner prevloualy explained, by tiie weather-vane effect 
of the large fin at tlie rear. This effect is not neeesaarily 
without disturbance of the Une of travel of the machine, 
but it it takes it out of Its course, as is more likely than 
not to be the case, the wins warping is then manipulated 
solely as a means of steerlnK It back. In doing this, it acta 
simply to produce a sldewlse unbalance of the machine 
in the direction of the turn il is desired to make. TVv* 
tilt at once automatically occas\QW% ttvc ¥,\^«'«"vie ■i\\ftN'«t 
moiemeni of the forepart ot tlie macVw^^. vXie Sv^\ ^r*'^*'^^ 
It at tbe rear- So while the wvus -«a.v&\^?. ^>t^^* ^''^ 
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i perfect means of stterlng tbe machine Id any desired 
lateral direction. It evidently Is no more thao this, being 
llBtlnctly employed qb an unbalancing rather than as a 
balancing means. In tblB connection it is a. fact worthy of 
note that during Montgomery's 1904-1905 experiments bis 
machines were safely and repeatedly sent aloft, in the 
presence of thousands of people, with the wing warping 
laahed and soldered in a fixed position, eo the operator could 
aot manipulate it. 

VERTICAL STEERING 

Vertical steering or an aeroplane is understood to mean 
jteering up and down, rather Ihan sidewise, and U effected 
by the use of horizontal rudders or elevators. 

Horizontal Rudders, though a term that Is confusingly 




applied at present to the different types of surfaces, some' 
times in front of and sometimes at the rear of an aeroplane, 
which are variously used to ateer it up and down as well 
as to maintain its loni^ltudinal balance, could with advantage 
be restricted to surfaces that are non-lifting — the type most 
commonly used In modern aeroplanes. 
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below, by a scheme of flexing instead of pivoting, illustrated 
in Figure 48, by means of which either the top or bottom 
side can be given a concave curve. 

The proportion of the weight carried on the elevator is 
rarely in proportion to the relation of its area to that of the 
main surfaces, because a smaller surface will not, except 
at excessive angles of incidence, carry as great a loading 
per unit of area as will the larger surface. See Page 103. 

Extreme examples of the use of plural sustaining surfaces 
in the same plane appear in the various double monoplanes, 
such as the Langley and the Montgomery machines of early 
types, in which the two main sustaining surfaces, though 
equal in area, can be variably inclined to each other for 
the purpose of adjusting longitudinal equilibrium. 

BANKING AND BALANCING 

Because of the attempts to maintain that the Wright 
patents cover broadly all means of warping wings for any 




FI;:urp 40. — Tlltlns winp tips, of tho type omployod by Maxim in 
1894. Tiieso are a practifMble, thouji;h not tlie most oflFectlve, moans 
foi" stetring and maintjiinin^ lateral balance. 



purpose whatever, there has been a tendency to evade the 
letter of the Wright construction by devices for producing 
similar effects, presumably without infringement upon tho 
Wright construction or patent claims. 

A substantial equivalent of wing warping is the use of 
twin ailerons, hinged to the rear tips of the wings in such 
a manner that as one is moved up the other is moved down. 
This is a very old construction, and wa^ ^v\^^^^ '^"^ '^^^ ^-^cOoi 
MoDtgomery glider illustrated in Figwxe W, bl\\^ \w v\ve \s\^^i>^N:^ 
patented in the United States by ^\ou\\\aLT^ \t^ X^^'^. 
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Other designers, seeking to avoid even the appearance of 
he Wright cunatructlon, have ueed small separated aileroDS. 
laving no actual connection with the wings. Such aileroDB 
ire commonly placed midway between the two surFaces ot 
he modern biplanes in which tliey are employed. 

Tilting wing tips, capable of beiug dihedrally thrown up 
ir down Into positions more or less effective than the normal, 
:onBtltute a means of balancing that was tried by Maxim 
n 1SS3. Such a system is Illustrated In Figure 49. 

Another means of effecting lateral balance or steering, anil 
I very old idea, is the rocking wing, pivoted at its point 
it attachment to the body of the machine. Such a scheme, 
vltb the wings capable of similar or dissimilar manipulation, 
Vfas used in the early Montgomery glider Illustrated In 
If'igures VII, VIll, and IX, but the idea is much older than 
this application of it. 

Wing tips feathered out into a plurality of separated sur- 
faces, Bimulating the construction that is existent in the 
flngerllke surfaces of the wings ot many soaring birds, have 
not to the writer's knowledge been employed in any aero- 
plane. The exact utility and manipulation ot this type ot 
wing tip is a mystery that still awaits satisfactory explana- 
tion, and one that perhaps contains the secret of some moat 
advantageous means of balancing or steering. 

Another feature of bird wings that offers posslbtlltteB of 
application to aeroplanes is the swinging wing tip, probably 
Urst used by Octave Chanute in the construction he patented 
in the United Stales in 1SS7. and then threw open to the 
public. In the form preferred by Chanute as a result of his 
experiments, the wing tips were held in their normal position 
by sprinfis. their iiiovement belns effected automatically 
by variations in the wind pressure. 

The relation of the swiuciuB «iiig tip to tlic principle 
oE variable winj; uri'a, and therefore to variable speed, is 
most interi>sting, :iud miiy well repay profound study and 
serious investigation of its exact fffects. 



CHAPTER FIVE 

THE DESIGN OF THE MACHINE 

In the design of aerial vehicles an exact science is becoming 
rapidly established, with its recognized engineering practices 
as well as the possible freakish departures therefrom that 
are found to exist in all departments of technical endeavor. 
For the benefit of the Intending designer or experimenter, 
however, an important point to emphasize at the present 
time is that, except for those willing to copy constructions 
originated by others, this field of engineering is one in which 
nothing less than the broadest and most practical engineering 
knowledge can suffice to insure reasonable safety and to 
produce results of real importance. 

Were successful aerial vehicles to have been produced 
by the rule-of-thumb methods that have been more or less 
advantageously employed in most other fields of mechanical 
engineering, successful flying or at any rate gliding machines 
would have been invented two thousand years ago, for failure 
in the past has been due not to lack of efforts or facilities, 
but absolutely to the inadequate technical equipment pos- 
sessed by experimenters. 

SIZE 

By far the most essential points to be observed in aero- 
plane building are the provision of the correct wing curva- 
tures and the proper proportioning, arrangement, and control 
of the different sustaining, stabilizing, and balancing surfaces 
— with due attention, of course, to structural strength and 
security. The latter, however, may be quite safely left to 
anyone possessed of a high grade of mechanical ability to 
carry out largely in accord with individual ideas and facilities, 
which with the exorcise of reasonable judgment are as likely 
to prove practical and satisfactory in one case as in another. 

While the spac«^ in which aeroplanes are operated imposes 
no serious limitations upon the s\7a^, ol ^^>'\\\^ n^^xO^^^, '^^'^"^'^ 
are other condiVions relating to UV\a \)o\wV V\\^\. \<i^\\5:\t^ v^ >: 
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most strictly regarded. PosBlbly the quickest undcrataiidlag 
□I tlie Bituatlon may be most readily gained by considering 
the matter of both the emalleet and largest aeroplanes that 
Baa And practical use. 

Certainly the BmalleHt aeroplane that can have any real 
value will be the one hari-ly large enough to carry one 
Individual. In turn involving the highest practicable Bueten 
tlon per unit of area and the lowest possible weight In 
addition to the necessary weight of the operator. 

In the other direction, though there seems leas severe 
limitation in the way of the largest aeroplane that can be 
built, this is a merEily casual impression that does not persist 
Vhen the factors of the problem are analyzed. 

THE GEOMETRICAL CONSIDERATIONS 
The aizo of flying aniznals is perhaps a first source ot 
Information. The heaviesl of all soaring flyers is the Cali- 
fornia vulture, similar to but in its largest Bpeciraens larger 
than tne largest specimens oi the Anaean conaor, ana not 
uncommonly weighing; twenty pounds and over. Occasionally 
certain varieties of albatross are found in weights ranging 
up to eighteen pounds, while turkeys are said sometimes to 
weigh twice this, but the latter cases presumably have 
reference to exceptions! examples of domesticated birds. 
In which artificial selection probably operates to subordinate 
flight ability to other and more interesting requirements. 

Still heavier than any present birds may have been the 
extinct pterodactyl, with some twenty-foot span, but wblch 
it is more than probable, however, weighed no more than 
thirty pounds. 

In any case, no flying creature that ever existed appears 
to have been as heavy as the combination of a man with the 
lightest structure that can be made to fupport him in the air. 
and this fact often has been cited as an argument against 
the possibility of human flight, having been advanced as 
avithority than the late Simon 
icientist even committed himself 
few years ago. that "I consider 
I possible combination of known 
of machines, and Known forms 
a piacticoble machine by which 
i in the air, as com^XoVe 3.a \X Vt 
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pMBlble for the demonstration ot any physical fact to be." 
To this be added, "Let us discover a substance a hundred 
times as strong se steel, and with that some form of force 
hitherto unsuspected, which will enable us to utilize thia 
strength, or let us discover some way of reversing the law 
of gravitation, so that matter may be repelled from the earth 
instead of being attracted to it, and then, and not until then, 
we may have a flying machine." Concluding this most 
caustic and skeptical opinion, he said "There is every reason 
to believe that mere ingenious advances of our present means 
and forms of force will be as vain In the future as they 
have been In the past." 

PrafeBHor Newcomb's opinion was founded chiefly upon 
the geometrical law that the areas of all objects Increase 
with the squares while their bulkB Increase with the cubes 
of their linear dime nsionB. 

The Disproportionate increase In Weight due to this cause 
Is simply explained by reference to Figure 50, in which the 
cube A Is one foot square 
while the cube B Is two 
feet square. Vlth these 
dimensions the i 
each Bide of A is one 
square foot, which mul- 
tiplied by the i 
alTords a. tntal i 
Bix Hquare feet. With B 
the area of each Bide Ib 
tour square feet, which 
multiplied by thp six 

Bldea totals twenty-four square feet. In the matter of the 
contentB, which determine the weight, the volume of A Ib 
one cubic foot, while the volume of B ia eight cubic feet. 

From this it is to be noted that the increase of weight 
Is much greater, even in proportion, than the increase in 
area, a law that applies as absolutely to all Irregular and 
other forms as It does to the simple cube. 

The efTeclB of (his law are several. In the first place it 

is to be noted that each snuare toot of the cM^ie t^, ^i^ '^^'^ 

Bide of iJie cube that rests on a eurlace, Va-a V-o s,^.^■a^-a^■t^■ 'C^' 

wei^lit due to oniy one cubic tool o^ toaiia. \^^1^ ^'^ **"\qq 

of the cube B the weight BUBtatoeA tay eSiOcv a^x-^'^^** 
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bBkt due to two cubic feet ot toIuiud. a condition that moit 
iltlmately place a limit upon the elze to which the cube 
iB.a be built, as the QuaiiClty ot material piled up (inall)' 
lecomea Rrealor in weight than its cruehing strength per 
tnlt of area. 

This condition, universal in its application, places a limit, 
ieeplte certain compensating factors, upon the size to which 
LeroptaaeB can be built ot the structural materials that are 
ivailable. 

Indeed, wore it not tor the tact that mankind possesses 
itructural materials vastly stronger tliac the liones and 
tnuscles of birds. It Is extremely probable that we ehould 
Dot be able to hultd flying machines larger than birds. 

It is this law of the srjuarlng of areas with the cubing of 
bulks that in the reverse direction operates so advantageously 
that an Insect can fall a hundred times its height with no 
injury whatever, whereas larger animals are killed by tails 
proportionately much less. 

An ant. for example. Id falling from a table top. Btrlkes 
upon each unit of its area with a weight equal only to the 
thickness above that area, whereas a man falling the same 
distance strllces upon any given area with the Impact of aa 
amount of material equivalent to a thichness hundreds of 
times as great as that ot the ant. 

The Gain in Unit Sustention is another geometrical phe- 
nomenon, which !n a measure offsets the decrease In area 
to a given weight. This point, so favorable in Its bearings 
on the problems oi human flight, and as yet little understood 
by many aeroplane designers, is not wholly due to any single 
cause, though probably the main factor is the escape of air 
aroimd the edges of wing surfaces— such cdRos being always 
longest in proportion lo the area in the smallest sizes ot 
surfaces. For the geometrical axiom Is that the length or 
boundary of any given figure increases in direct ratio with 
any increase in the linear dimension, whereas the area 
increases much fasler^wilh the square of these dimcnslonB. 
Thus, as is shown in Ki,i;ure .^.1. a square oi'.> l.y one, with 
one square unit of area lias four linear units of edge— one 
toot to each out-fn'nih <if a square unit of area, whereas 
a frjiinre two by two, with four snuari units ot area, has 
only e/f,'lit iinil^ of eii^:r> — proporl\oi\at(Av \cs¥ \.na\\ '.w 'Ocvft 
irst case, or unly one unit ot edge \q la-cXv ..»t VnM ol ^ 
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square u&tt of area. So with each Increase to area there Is 
a emaller Increase In edge, rendering the center portions ot a 
surface constant); more efficient, Insofar as the escape of air 
away from them Is concerned, as the alze of the surface 
increases. That In some manner this law prevails throughout 
nature's domain 1e quickly discovered in comparisons of 
different Hying animals and Insects, In which there Is found 
to be a consistent Increase In the sustention per unit of 
area, as the amount of area Increases. Thus the wings ot 
certain small gnats carry weight only In the proportion 
of one pound to forty square 
feet, from which minimum 
in nature the loading pro- 
gressively rises to maximums 
ot at least three pounds to 
the square foot in the cases 
of certain vaNetles of 
albatross, the bustard, and the 
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That Ihege flgures will be greatly added to without I< 
iC efficiency Is a probability of the near luturc. ThlE la due 
o (.he tendency In present machines to use rather flat 
■turtaces at very flat angles, because, as shown on Page T!i, 
It la at such angles that the inefficient flat curve allorda 
the hiKheat ratio ot lift to drift. But as improved wing 
BUrfaces come to be used there can be no gueatlon but that 
the high liFta of Hat curves at bad angles will be secured 
with deeply-curved surfaces at efficient angles. 

RELATION or SPEED TO AREA 

Other things being proportionate, the faster a wing travels 
through the air the more K will euatain per unit of area. It 
being fairly well established that Ihe austention Increases 



with the aquare ot the 
become faster the wing £ 
as it is one of the peculif 
that it is uot possihle to ' 



leed. Consequently as machines 
«i required rapidly reduces. And 
conditions of aeroplane operation 
ry the speed materially in a ^iven 
machine wilh a pivt^n area and winB form, Bee Page 130, to 
produce a variable-speed machine ii seems to be necessary 
to produce one with variable a.rBa. 

Variable Wing Areai, while common with all birds, have 
not yet been provided in any successful flying machine- 
Such a system. In a way patterned after that of the bird. 
la suggested In Figure 53, It Is an Idea of the writer's that 
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same time reducing forward reeiBtancefi. Close obaerratlon 
is coDvincine to tbe effect that such a partial foldiag of tta» 
wing Is a method of eecurlng higher speed employed by 
almost all birds. 

ARRANGEMENT OF SURFACES 

An aeroplaae Is a vehicle Involving sustaining surfaces 
of suitable form, provided with means for propulsion, for 
the maintenance of equilibrium, and for steering in different 
lateral and vertical directions. Evidently the provision of 
these different elements can be carried out in a great variety 
of ways, which being the case It Is possible to work towards 
the more perfect dealgns only by two policies — one requiring 
study of the laws involved In flight and the application 
of these laws in suitable mechanisms, and tbe other involving 
observation and copying of the flying mechanisms of nature. 

In Figure 53 are shown dlagrammatlcally the arrangements 
of surfaces employed In a number of well-known machlnOB. 
From a study ot tlieae it will be seen that the plan most 
favored by the generality of aeroplane engineers is to carry 
the load upon one wing, or upon two superposed wings, 
with lightly loaded or non-loaded surfaces to the front or 
rear for stabilizing, balancing, and steering effects. 

An exception in the case of a machine that has really fiown 
is that of the Dunne machine, in which the peculiar arrange- 
ment of the main surfaces seema to afford a gilding stability 
almost aa great aa that of some blrda, the wing positions 
of which it imitatea. 

Beyond the slenlflcanoeB that are evident upon mere 
consideration of Figure 53, and various explanations of 
details that have been previously given, thore Is little to be 
said with reference 
arrangement that can 
aeroplane. 

A couple of important points, however, may be emphasized. 

Concerning the nuestion of biplane versus monoplane, 
there ia no doubt but that a given surface movod through 
the air under given conditions will Invariably afford greater 
support when alone than when adjacent to o^'D.fe\ ■s.^j.iVis.e.'*.. 

Regarding the details ot w\ns toTnva — o^v>«>^^ ^"^ ''^' 
dihedral angle (sec I'apes 92 atvA lill N* ^"^^ ^'^^^'^^^ 
o[ a lateral curvature or arcWng l^aV ^^^ ''ieie.'o. c-""^ 
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imparted to wing surfaces for one reason or another — 
frequently in anything but discriminating but nevertheless 
effective imitation of the similar front aspect of some bird's 
wings. It is a proved fact that if wing ends are made to 
droop to a slight extent the objectionable escape of air at 
the ends will be considerably impeded and the sustention 
much improved. With a very low aspect ratio it is particu- 
larly important to have the ends of the wings droop, a 
feature that is especially noticeable in the case of beetles 
and other flying insects of the genus coleoptera, in which 
the aspect ratio is sometimes as low as two to one. 

RATIO OF THRUST TO SUSTENTION 

From what has been explained in previous chapters, it 
will be appreciated that in the design of an aeroplane it is 
of the utmost importance to secure by every means possible 
the highest ratio possible between thrust and lift, since it 
is absolutely upon a favorable relationship here that the 
efficiency of an aeroplane depends. 

In aeroplanes that are now in use the thrust is rarely 
lower than one-flfth of the weight of the machine, from which 
figure it ranges to as high as one-half and even three-quarters 
of the weight in the case of the less efficient types. In birds, 
because of a most thorough incorporation of all the factors 
of efficiency, mentioned elsewhere herein, the drift is found 
upon careful measurement to be at least as low as .003 of the 
lift, in the cases of common soaring birds. 

CENTERS OF PRESSURE AND LOADING 

The center of pressure of an aeroplane surface is the 
lateral axis upon which the load is balanced. With wrong 
surfaces at wrong angles the center of pressure is a most 
elusive and variable factor, tending always to uncertain and 
precarious equilibrium, but with a correct surface the center 
of pressure can be most definitely located and maintained, 
and equilibrium secured by keeping the center of gravity 
of the machine beneath it. 

With the machine sustained by a plurality of surfaces, 
the design must consider first the center ot \>^^'^^>xt^ <^\ ^-^Oa. 
surface, and then the mean center ol \>Tes^\vc^\>^v^^^'^*'^^"^'^ 
as is suggested diagrammaticaWy m tAv^ ^exo^kX^'^^ Sn\\^.'^vt^ 
in Figure 54, With the \oad\ug ^ue Vo Vcv^ nno\^^"^ ^ 



AEBOPLASE DESIGNING 



nachine then properly dletrlbuted. the balance becoiKeB u 
pftrfect SB with a eingle Burface. 

LOCATION OF LONGITUDINAL AXIS 
Since an aeroplane travels tbrougli Ihe air In a deflnfte 
direction, il tollous that (here must be a longitudinal axis 
parallel with tblii line of motion, and eustaining deflnltc 
relationshlpB to the centers oF reelstance. propeller thrust. 
Lnd tnoBB. 




tn Ihi' KiiU-rs •>! jiriKMiri' of llii' sin^IainlDi; siirrBirs. 

CENTERS OF RESISTANCE, THRUST, AND MASS 

The cetiler of resistance in an aeroplane Is the point above 
which there is jusi as much resistance — due to the skin 
friction, penetration drift, etc^as lielow, and just a 
to one side as to the other. 

The center of thrust, in a single-propeller machine, 
the axis of the propeller. With the machine driven 
or more propellers the center of thrust is at the mef 



1 Ihesi 

The center of mass in an aeroplane Is the point 
it would balance if stood on its head. 
Obt-ioiialy. all of the three fovegoMvp, ci^nVett 



m by two 

on which 
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If, for example, the center of mass is placed low, to secure 
a pendulum effect, and the center of thrust is higher, 
acceleration of the machine will cause it to tip forward and 
downward, because of its inertia. 

If the center of resistance is higher than the center of 
mass, retardation will similarly cause the machine to tip 
up, because of the mass swinging forward against the 
resistance. 

In birds all of the centers can be proved to be closely 
grouped on the longitudinal axis, with the possibility that 
under some circumstances the center of resistance may be 
thrown above that of the mass by the dihedral angle 
assumed by the wings for the purpose of landing. In this 
case, though, the object seems to be to cause the machine 
to land like a parachute^ without lateral movement. 

CONTROLLING AND STABILIZING ELEMENTS 

In the design of the controlling and stabilizing elements 
of an aeroplane there is need for the utmost strength and 
effectiveness, since it is upon the continued ability of the 
operator to keep the control elements responsive to his 
hands that safety must in large measure depend. 

AREAS AND LEVERAGES 

The areas of control and stabilizing surfaces should be 
sufficient to produce the desired effects in sufficient quanti- 
tative values. As a general rule, it is obvious that the 
farther removed a controlling or stabilizing surface is from 
the center of loading of a machine, the greater leverage 
it can exert and consequently the smaller it need be. But 
an objection to such extreme removal of elevator, rudder, 
and fin surfaces as is common in a good many machines 
is that as the length of the lever is increased, the time 
demanded for it to operate is also increased. Consequently 
there is much to be said for placing controlling surfaces 
close up to the centers of loading and mass, for the purpose 
of insuring their quick action, at the same time increasing 
the areas to sufficient extents to compensate for the 
leverages lost. 

SYMMETRY OF EFFECT 

A much-neglected principle m Uie \>to^^t ^^"e»\^^ '^^ ^'^^ 
trolling and stabilizing surfaces, eapecvaW^j \^tWc2>\ ^bn^:^^^^ 
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a that demanding tbat thej' extend to equal dletancea above 
md below the loneltudlnal axis of the macbine. ThuH placed 
they avoid the tendency of their action lo Up the machine, 
which is always present when they are uneymnietrical. 

DEMOUNTABILITY 

Apparently not Batisfied with the altogothcr eufflcient 
dlfflcultlea of malting flying machines to fly efficiently, eately. 
and well, more than one Inventor has in addition attempted 
o construct machines In folding form — probably inspired 
jy the beautiful perfection of the bird's wing mechanism— 
ivlth the idea of similarly quickly stowing the wings and 
other parts of the machine in compact and portable shape. 

It being a condition involved In almost any conceivable 
aerial vehicle thai considerable dimensions must be employed 
because of the necessily of operating in one way or another 
on largo areas and masses of air, there is much of plausibility 
in the arguments for any scheme tliat appears to promise 
a compacter arrangement of the vehicle elements when the 
aeroDlHiie is at rest, than exists when it is in the air. This 
seems important both for storage and for shipment, and, aa 
has been suggested, finds Its natural counterpart In all known 
flying creatures, which without exception fly with Burfaces 
capable of being folded more or less completely out of the 
way when not in use. 

But the difllcultieB in the way of making reliable folding 
winjsB are very j^eat — so great, considering the present state 
of the art, that it Seems hardly desirable to attempt over- 
coming them before more perfect and dependable reeulta 
have been secured in the more vital functtonings of flight 
mechanisms. 

Ilemountability. however, is an altogether dilTerent thing 
from folding, this term implying simply the ready detach- 
ability and separation of different parts, with corresponding 
facility in rcassemhlins. features that in several very suc- 
cessful modern aeroplanes are present to a considerable 
decree, 

Undonhtcdly this matter of demounlability, as aeroplanes 
become more practical and more numerous, is one that will 
merit further consideration by designers, with the result 
that prcHont-day shortcomings will liocveaslneW b.a.udlcac 



CHAPTER SIX 
STRUCTURES AND MATERIALS 

The queatloDB of etnictural materialB and methods of 
coQBtructlon are amons the moHt vital of all that the 
aeronautical engineer has to face. Every matter of safety 
and success depends largely upon the quality anil reliability 
ot the materials of which the machines are built, and the 
manner in which these materials are put together. Fortu- 
nately, the problem, whlie one of great dlfflculttes. la 
possessed also of important compensating advantages. For 
it Is becoming more and more established that successful 
flying machines reQuire the use of comparatively little metal, 
and especially of little metal of resistant qualities worked 
into intricate shapes. The result Is that flylng-mschlne 
construction, while usually requiring much painstaking labor, 
does not particularly require expensive facilities, and there- 
fore stands open to a greater number ot unhand lea pped 
amateur experimenters than almost any other field ot 
engineering research or industrial enterprise. 

Necessarily, other equipment being equal, the engineers 
most certain to acliieve success in pioneering this new field 
will be those who prove the most widely Informed and 
resourceful. For these reasons at least a smattering of a 
great many different trades is likely to be proliflc in suggested 
ways of accomplish ing tilings. 

WING STRUCTURES 

As the basic and most important element in an aeroplane, 
the wing most demands a atrons. light, anil in every way 
adequate structure, no that it may perform its various 
functions efficiently, reliably, and with ihe highest possible 
measure of safety. 

WING BARS AND RIBS 

The trend of practically ali aeroplane design that hae, 
developed so far. as well as ot a.\\ vUi>, <.>v\¥,\'v\^p"t\^"'¥. e"i\^<;'^=^^ 
iind Oala that Is accumulating, \a Ui slavi'Xa.TiVi-e '\>A'a-^ '^~='^ 
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it wing in which there Is present a plurality of ribs mounted 
upon one, two, or more w>ng bars. 

The extent to which the idea has prevailed that wings to 
work efflcienlly muat be excBBsively thin, has militated 
igalnst the use of wing bare BUfflclently large and strong 
to be thoroughly rate without bracing at unduly close inter- 
vals. This la manifest from an Inspection of almost aaj 
at the well-known types of machines. In which, in the 
biplanes, there is the common use of bridgelilce trussing, 
ind In the monoplanes, a multitude of stay wires — altogether 
I than is desirabie oxcoptlng In the cases of 
:eut machines 




i 



■ problem of rib design, aside from the difficulty of 
icIoKing strong wing bars in thin ribs, has been a much 
mpler one. and with the tendency thiit may be expected 



L the futuc 



.-ards the 



of hea 



wing 



bars, improvement in ribs will be as certain as It will be 
simple. Probably comparatively Ihin wooden ribs, pierced 
at their enlarged forward ends for the main wing bar, and 
extended at their rears by flexible strips, will most generally 
Bnd approval. 

A construction developed and pat;>nted by the writer Is 
iJluslraled in F/gitre Z'.t. hi th\a ll\e mum sot\.\qti o^ \.\.e "cV\i 
is sawn out of a liiin bounl biiiU iiv >->' cvosseA Nei\ee^«, ■^\i.«i 
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rear is made of two light and flexible bamboos, while the 
hole in the front end is surrounded by reinforcing plates of 
sheet steel. The essential feature, however, is the mounting 
of the ribs on the front wing bar in such a manner that they 
can revolve upon it, thus affording a flexibility for the 
purpose of "wing warping," which is absent in the usual 
rigid wing structure. 

FABRICS 

The fabrics most extensively used for wing covering so far 
are light percales and linens, weighing from three to six 
ounces to the square yard. Properly protected against the 
action of moisture and temperature these goods seem to serve 
their purpose us well as anything else that is available, 
though there is some probability that there may be intro- 
duced the use of light canvases for the forward edges of wing 
coverings, as means of strengthening the structure. 

Fabric Coatings at present in use consist of a considerable 
variety of rubber, linseed oil, collodion, and other prep- 
arations. 

In the opinion of those who have had the most practical 
experience with them, the rubber coatings weather badly, 
adding to the natural tendency of the cloth to shrink and 
expand with changes in temperature and failing to supply 
as complete protection as might be expected from moisture. 
It is possible that development in the direction of more 
heavily-rubberized cloths, like some of the heavy surgical 
sheetings long on the market, might afford improvement over 
the slightly impregnated, or "frictioned," fabrics now in use. 

The objection to linseed-oil coatings, which were first 
developed for balloon envelopes, is that it is almost impos- 
sible to prevent them from remaining sticky, or becoming 
sticky as a result of exposure to the sun or warm weather. 
Some linseed-oil varnishes, however, have almost the smooth- 
ness of patent leather, and it is probable that further 
experiment by competent chemists might result in compounds 
of this character more serviceable than anything at present 
available. 

Probably the best fabric coatings at present in use are 
those with a collodion base, consisting, ol ^Mw^Q>v\>ci^ «^ 
celluloid shaving's dissolved in arayY aie^lviVe ox eV\v^^- ^"^ ^' 
often objected that this sort ot a coaUw^ V-s* Wx'^^^^^^^^ 
and this is, of course, a serious obiecVXow, X^v^*^ '^^ ^"^ ^ 
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ot BO generally known that rubber coaliuga are practlcaHf 
s bad trom this Htandpcint, 
An objection tbat applies to almoBt all of the present fabric 
oatlngB is their failure to produce sumciently Btaootb sur 
aces. Accord Iftg to researchoa made by ProteBsor Zabm, 
akin friction does not vary greatly tetwe^n gne type of 
Smooth surface and another, but with a Burtace presenting 
minute InequfllltleB. such ub are due to the nap ot a fabric. 
there 1b a much greater disturbance ot the air currents and 
. consequently hiBher aliin friction. This would make It 
.eem plain that the ideal coating, in addition to being 
Weatherproof and fireproof, must glue down all of the loose 
fibres on the surface of the wing covering Into as nearly 
as possibte a perfect smoothness. 

A practice that is commencing to establish itself Is the 
Commendable one of coating wing surfaces after they are 
made up. instead of making them from previously-treated' 
fabric. The latter policy has the objection that il loaves the 
eauuin 111 bad coiiditiou, uuuully roiidera the cloth very bard 
to sew, and leaves the stitching unprotected from moisture 
tbat will eventually rot it. 

THE BODY 

From the explanations in Chapter Three, concerning the 

desirability of atream-line forms as the best adapted for 
movement through the air with a minimum expenditure of 
energy. It Is clear why a shape like the body of a bird la 
the best. And it is e'lually apparent that such a body does 
not differ greatly from the forms utilized in some types 
of boats. 

BOAT FORMS AND STRUCTURES 
Itetiiuse of obviously similar roquiremoul s of lightness and 
strength, If it be accepted that subslanlially the boat form 
Is tho proper one lor an aeroplane body, it nithcr logically 
follows tbat standard boat structures must be of equal 
usefulness. The most superficial consideration of the long- 
developed and ri'aliy remarkable stnioiure of light canoes 
and other l)uat» conlirnis this opinion, So i( seems sate to 
assunie (bat combinations of ribs, longiliidinal members, and 
cu/iiii!' or Ihiii Mixnlrn i-hf.Mnw^f- '^\\\<\\:\\ Vn \\\vis.o vm^^o-ieA. 
j'/i cui:iii:s it: ilic Ulvul coiiBtrucliiiii Vuy iiw vwYovXavii: \)o4'3 — 
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with, of course, the minor modifications of form demanded 
by the different purpose. The turtber advantage of this 
construction Is thnt It atForda a considerable safeguard asalnat 
serious mishap In the case of Inadvertent landing upon water, 
which with present types of machines has already occasioned 
fatal accidents, but which with a boatlike hull as waterproof 
and strong as It may be easily made la a type of accident 
certain to lose most of Its terrors when unaccompanied by 
an abrupt tall, or the condition of tKlng lost far from the 
hope of rescue, 

HOUSING AND PROTECTION 

Though this has been a point so far much neglected In the 
design of aeroplanes, the housing ol the operator to protect 
him from the weather, and from Injury In the case of the 
minor falls and breakages that need not necessarily cause 
death. Is a matter certain to receive increasing attention In 
the future. 

It Is no less than criminal, and is wholly unnecessary, to 
design an aeroplane In so clumsy a way that the operator 
is seated on the iront of a flimsy structure, with a heavy 
motor mounted behind him in such a position that it would 
be likely to kill him In a fall from a curbstone, not to 
consider a plunge from a somewhat greater height. 

Witb the motor in front, a substantial landing gear beneath 
him, and an abundance of prolection in the way of an en- 
closed housing BUiToundine; him, an aeroplane operator la 
much less likely to be killed than in the generality of present 
machines. This is because a large majority of accidents do 
not involve falls from very great heights — a fact not so 
singular as It might appear when it is considered that it is 
on the shores of the aerial ocean, that Is to say. close to the 
ground, that the air is most disturbed, and therefore most 
likely to occasion loss of control and upsetting, 

THE LANDING GEAR 

No part of an aeroplane calls for more careful considera- 
tion of every detail of its design than is demanded in the 
landing gear. Besides conslitutiiip a aetlows, eXcwiij-Wt \.vi. "Oa^ 
forward resistances, if it is not propert-s ic9,\¥,n«'&. ^^^'>■''* '^' 
the further fact thai a proper lai\(lii\v; S^^v \ft c'sOA^A- W>Q^ 
servo not one but a number ot \nittovi.a«\- tviWtWows- 
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PROTECTIVE FUNCTION 

TblB use of tbe landing gear to afford an elastic and pro 

tectlng structure that, as It may be Bmasfaed. cuehlona t 
■bock and tbus leBsene the danger to tbe operator, bas be 
referred to in a preceding paragraph, 

AN ELEMENT IN THE WING BnACINO 

Particularly in monoplanea. but to some extent In moil 
biplanes, the landing gear affords a point ot attacbment (or 
Wing stays, warping wires, etc.. ot the greatest Importanc?- 
And In a well -designed machine, It being desirable to bave 
Such tension members fastened as low as possible and there- 
fore made to hold at the most tavorable angles, their at- 
tachment to the lowest and most widely separated points 
of the landing gear Is the only logical policy from even 
engineering standpoint. That a strength commensurate with 
the importance of the use should be provided, can acarcely 
Deed emphasis. | 

PROPELLER CLEARANCE 
As a prime condition determining the height of a rtianing 
gear, the clearance necessary between Ihe propeller and the 
ground Is perhaps Ihc moal to be considered. Especially now 
tbat there is a lendency lowarda. and tbe accumulation ot 
reasons for the use of propellers of very large diameter and 
low rotational speeds, the landing gear needs to be high. 
which in turn demands that it he built strong and that the 
resistance It offers to movement through the air be reduced 

GROUND ANGLE AND FLYING ANGLE 
Another reason for hiKh running gears in at least such 
types of machines as the more conventional monoplanes, with 
horizontal rudders or elevator surfaces at the rear. Is the 
need for a grour.d angle ni starting different from tbe flying 
angle, once the nmchine is launched iu the air. This Is very- 
evident In the operation of most present-day monoplanes, 
which stand upon the ground with the wings at an excessive 
angle of incidence, hut which, because of the tail's lifting 
first, run on the (;i'on"d with the angle very Hat. Then, by 
stfirmH Ills tail down, the ansW o< ™c\Ai^nce ot vXve -mS-tv^b. 
IS agum brought l<> a maxlmnm tot t\ie '.va? w^o v^^e ivvt , ».i.\«it 
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which the flying angle becomes very nearly the same as that 
for the run on the ground. 

RUNNERS AND WHEELS 

Since it is the fundamental function of the landing gear to 
enable the safe starting and landing of the machine, con- 
siderable experimenting has been done with various systems 
of wheels and runners. The use of wheels or runners alone 
was the first construction, and the former is still persisted 
In by a few prominent designers, but by all means the prefer- 
able scheme seems to be a combination of wheels with run- 
ners, so that the wheels may afford ease of starting without 
the now-obsolete use of special launching devices, while the 
runners will act as brakes in landing, and span inequalities 
of ground certain to wreck a wheel, thus simplifying the 
problem of coming back to earth without a smashup. 

THE HYDROAEROPLANE 

A recent development in aeroplane design, commencing 
with Fabre in France and even more successfully continued 
by Curtiss in the United States, is the hydroaeroplane land- 
ing gear, enabling an aeroplane to start from and descend 
upon water surfaces. In the best of its present forms the 
hydroaeroplane may be defined as consisting of any ordinary 
type of machine, provided with one or more hydroplane 
floats, in form like hydroplane boats. 

Undoubtedly this type is capable of great development, 
and will lead in time to a very considerable use of water 
areas for the landing and debarkation of machines. 

A curious development from the hydroaeroplane, which so 
far has made very little progress but which nevertheless 
offers some interesting possibilities, is a hybrid type of water- 
air vehicle consisting of a hydroaeroplane boat, provided with 
wings not capable of lifting it clear of the water, but of suf- 
ficient area to carry almost all of its weight. Very high 
speed has been attained in the case of at least one machine 
of this type, the first trials of which, however, were con- 
ducted on runners, over a frozen lake surface. 

COMPRESSION MEMBERS 

Important elements in aeroplawe sltweVvxTe^ ^t^ *Ocv^ c^^x^ 
press ion members, which are, indeed, ol V\ve ^TeaX^^v \«v^^ 
tance in engineering structures ot a.tv>j l^'&e. 
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WOOD 



Not without a conalderablo basis of fact has U been at 
■erted that the Hying machines of the future will be built lo 
the carpenter shops of the future, for wood ia by far lia 
most utilized matoriai In all successful tilers. For wing twn 
and ribs, ruiinerij bud running gears, frames, braces, acd tlie 
like, wood eeeiue as seri'iceable and indispensable as It !• 
for the rims of bicycle wheels, besides which, it le cheap ami 
easily worked. 

It iB not e&nfir&lly appreciate, oven by many eDgfneen. 
that certain woods constitute almost the strongest, most re- 
liable, and must durable of all Btructural materials, the be«i 
(Jualllies of Bclecied timber being, weight for weight, close 
rivals in absolute strength— compressive, tensile, ehearing. 
and oven torsional— with ail metals bul the very flnest alloj 
ateels, while In immunity from flaws and uncertainty in re- 
gard to physical properties woods are even superior U> 
Toetals, especially when well seasoned. Unseasoned woods, 
besides being heavy, are often less than half aa etrong ai 
the sanio timbers thorouglily dry. 

M6TAU TUBING 

Certain of the metals, in the form of thln-walled tubing. 
afford excellent structural members, combining lightness with 
strennth and stlftnesB, This Is well attested in tho wide- 
spread use of Ete-'l liiblnR for blc.vcle framph, in autouobile 
manufacture, and in many otlier applications. 

Of the sorts of steel tubing regularly on the market, the 
most common are carbon steels, in soft, medium, and hard' 
drawn grades, but not vt-ry high quality. Stronger than these 
but not so Rood for withstanding shock loads and vibration 
are the lool-stoel tnbings. Of alloy steels, S'-j percent nickel 
steel can be had in the form of tubing, and there also are 
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Figure 5fl,— 



BiBtance to ruBt. This latter quality, however, occaBlonall)' 
dictates In some situations tbe use of magnallum, cbrome- 
alumlnum, wolfram Intum. and posslblr a tew others among 
the secret or less well-known combinations of aluminum with 
other metalB. 

COMBtNATtON STRUCTURES 

Metal tubings are manufactured extensively in round sec- 
tions only, though limited quantities of oval, square, and 
other sections can be had on special order. These ar«, how- 
ever, in addition to being difficult 
to obtain, heavier and Ibbb 
Strong than cylindrical tubing, 
while really correct stream-line 
sections are practically out of the 
question. 

This renders it possible that 
built-up members, constituted of 
a piece of Bteel tubing with a 
wooden re-en (orceraent, something 
as illustrated in Figure 56. may BJ^ripS" *<"""'"' °' "ooilei. 
find more or less extensive ap' 
plication aa aeronautical engineering progresses, 

JOINTS 

The Jointing of compression and other members in an 
aeroplane structure, so that the joints shall be secure and 
reliable, and not less strong than the elements they fasten 
togetlier, Is by no means a simple problem. 

Bolts passed through wool 
wealien them, and unless th 
vide additional material ar 
collapse la an ever-present and a serious one. 

A particular point to be observed in bolting wooden mem- 
bers together la to bore bolt holes loose enough so that tbe 
holts will pass into them freely, so as not to set up spliltinR 
streEses. which are unavoidable when the fits are too tight. 
Tbe use of bolts passed through the ends of steel members 
is hardly as objectionable as their use through wood, though 
in this case re-enforcement Is still desirable. 

Sockets of cast aluminum or o( Sormeft-wp ftVc'^'^'w.'?'*-'^^-'*'-"^'' 
which compression members may a\i\\l a.wA ^■^^ \\o\*^ ^"^ ■* 
by the teaaion members that malMaXn iWe c(iwi\i';c-i.*^o^ 



taken to pro- 
he danger of 
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commoii expedient with biplane builders. An objection to 
hiB sort of aBBoinbllnK is that i[ any portion o( the etructure 
kreaks or looaena up, all of the rest Is likely to go to piecea, 

, result not so likely to ensue ir every joint is made secure, 
ndependent of what may happen to any other Joiot- 

Brazlng as a means of putting together structures of steel 
•nbing Is probably the beet available, having been long tested 
in bicycles anti automobile construction. The only apocial 
:ominenl concerniiiR this procees that might be of help to 
in aeroplane builder has reference to the tact that It is ei- 
fieedfngly dillicQlt to produce secure brazed jolnta In sleeU 
ftontalnine nickel. Indeed. It Is very much of a question 
Whether very hard allver-aolder la not better wllh these 
bteels, because of ItB superior adhesion. 

Brazing with copper Instead of with spelter is also found 
to give a superior result. 

Clampa, as means of attaching different elements together 
Without the necessity for bolt holes, constitute a very ser 
viceable expedient when prop- 
erly designed and discrim- 
inatingly employed. 

The type of clamp used on 
Ihi' Nii'upiirt monoplanea for 
the attachment ot iho wing 
stay wires Is Illustrated In Fig- 
ure 57. This particular use, 
however, has been severely 
condemned by many experts 
because ot the evident danger 
of its slipping, in which case a terrible accident could not 
fail to result. 

Lashings ot wire or cord, alone or in combination with 
metal re-enforcement, constitute very light and secure means 
of pulling wooden and other struclures toRether. Many ex- 
amples of lashed joints in boats, weapons, and the tools of 
prehistoric and savage peoples are really remarkable ex- 
amples of sound cnplneerlnB detail, the use of sinews, raw- 
hide thongs, and fiber lashinns havinK bei-n evolved to per- 
fection (hrough many cenluries, 

A system that ihe writer has found very satisfactory for 
putling toeethcr biimboo and olhev wooften wieroNiMt «, Vi- 
Justrated in Figure 58, the esBence ol the ft<Aeaie ■^levat <^* 
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employment of sheet-steel plates introduced into saw cuts 
in the wood, the lashing then applied and the whole kept 
secure by the lugs A. Larger lugs, also provided v/ith 
holes for the attachment of wires, are shown at BB. By 
using, instead of single sheets of steel, double or triple sheets 
of thinner stock, failure through flaws is made almost im- 
possible. 

TENSION MEMBERS 

T'ue employment of tension members in an aeroplane is 
exclusively a feature of man's devices for the accomplish- 
ment of flight, since they are absent in birds and other flying 
animals in which compression and girder members consti- 
tute the structure, though there are tension elements in the 
way of muscles and sinews used for the manipulation of the 
different elements. 

WIRES AND CABLES 

Wires, and cables composed of wires, are the only possible 
materials to use for the tension members of an aeroplane 
structure, nothing else 
being sufficiently 
strong, light, and com- 
pact. Preference is 
given by the most ex- 
perienced to steel of 
the finest qualities, and 
though magnalium and 
phosphor bronze wires 
are very strong, these 
are not as strong as 
steel. 

The strongest steel 
wires are the h i g h - 
carbon music wires, 
and alloy-steel wires of the chrome-nickel and vanadium- 
steel varieties. An objection to the very strongest wires that 
can be produced is that they are apt to be brittle, and thus 
fail from flaws or bending, so better results are usually to 
be secured by a slight sacrifice of strength in favor of re- 
liability. 

Good carbon-steel wire wU\ w\l\\staTL^ ^x^^m^Vs '^\>^;>^^?= 
stresses of as high as 300,000 pounds \.o \\ve ^^vi^^^ v^^^Jo^ 




ripurp oR. — Mothod of lasliin;; woorlon 
struts to>;pih<T l)y tlx' use of stool plates 
and wrappings of wire 
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ore breaking: chrome-nickel and other alloy-steel wires ma; 
;o even aa bigb as 450,000 pounds to tlie equare Inch, aiid U 
be eame lime be lees brittle tban carbon-Bteel music wirft 
tlllder ateeis range from 60.000 to 100.000 pounds to the 

iqnare Inch, and at these strengths may be BO soft and 
borougbly annealed that soldering will not reduce their 
Btrengtn—a considerable advantage in some systems of as- 
eembling. PhoEphor-bronze wire will sustain as mucb as 
LOD.OOO pounds to the square inch, and magnallum T0,00C 
^uDds to the square Inch, the latter, considering tbe ei- 
tremely light weight or this material, being a very hlgti 
strength per unit o( weight — though not of section. 

Minimization of Redstance ot wires moving through the 
air with the structure to which they are attached Is an Im- 
portant consideration In aeroplane design. No very accurate 
or consistent flgures are available as to the exact resistances 
set up by wires of different aections at different speeds, but 
it is well established in a general way that this resistance is 
enough to be of serious moment in a great many machines. 
The reason for this seems to be that the vibration of the 
wires causes them to disturb much more air than would be 
expected from the total projected area of the wires, with the 
result tliat tliiB grpattr amuunt of disturbance greatly in- 
creases the resistance. 

From tbe foregoing it is evident, other things being equal, 
that the best design is the one in which the wires are tew 
and comparatively heavy, so as to cut down their aggregate 
length and at the same time reduce the tendency to vibration. 
This policy also makes practicable a further minimization ot 
the resistance by the application of wooden strips of stream- 
line form to the backs of each cabl«>— much as in the case 
of the built-up structure illustrated in Figure 56. 

ATTACHMENT OF ENDS 

The secvire and safe attachment of Ihe ends of wires and 

cables to tile different points on the structure is of course of 

the utmost Importance, and sliould be carried out in the most 

IhoroUKhgoins ciiniiieerinp; manner, 

Spliced and Lashed Eyes in cables are tlie common means 
of attaching (horn for all sorts of useH. as in the rigging of 
ships, mine and clovator hoisUnp ap^ataV-Ma, e\.c. 
Splices, thoiish more difflcuVl to nvA\ie, a^e xiti4o\i\>^.^\i 
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better than lashlngB, and by a good workmaa can be made as 
Btrong as the cable Itaelf, as well as remarkably neat In ap- 
pearance. 

A metal eye is always advisable to line the loop, as il- 
lustrated In Figure 6S. 

In lashing, the cable is simply bent around such a metal 
eye as that Illustrated in Figure 59, 
and lashed to Itself by a wrapping 
of fine wire. 

Piano Loops and other wire ter- 
minals in considerable variety 
have been developed tor securing 
the ends of single wires. 

It is a remarkable fact that the piano loop, illustrated in 
Figure 60, and the quality of which has been proved by de- 
velopment through a century of piano building under condl. 
tlons of tension and vibration load fully as severe as In an 
aeroplane structure, has been applied to aeroplane construc- 
tion by only one Investigator, Montgomery, who flrst used It 
In lg84. 

This loop Is not quite as simple as It appears, and in its 
best form requires to be made with a special twisting ma- 
chine, which while wrapping the two wires symmetrically 
around each other, draws the loop along with a receding 



Flaurp BO.— apUced 



screw 80 that there is a regular number of turns to the inch. 
At the same time the two ends of the wire are permitted to 
revolve freely as the twist is made, bo as lo prevent twiBting 
the wires within themselves at the time Ihoy are twisted 
around each other. 

The small closed coil at the end of the wire is more a 
matter of dispoBing of the end in a neat manner than it is 
of adding to the strength, which in the case of a good piano 
loop Is at least ninety percent of the strength of tho wire. 

No soldering or other treatment cp\sietV.\tit\^\i\>a \^aw.. ^^^ 
standpoint ot using a heat-trealefl ai^A vcTOve-cei -»\^e '>-'^ ^" 
voJved in (he case o£ this twial, and \t si.XiaQWiV'iX'J '«'^V^^<^^'^ 
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lut. though a Blight give occurs aa It sets Itself the first Um« 
enalon 1b applied to It. 

Other wire termlnala, not bo good as the ptano twist, but 
nevertheleea wld^'ly used, are made bj carrying the end ol 
the wire around und through a short section oF brass or sloti 
tubing with tbe end finally [ermlnating In a hook as llluatrated 
in Figure 61. Teata prove that thlB type or attachment does 
pull out under very heavy tension unless soldering Is re- 
sorted (o, In which case the wires are very much weakened 
by the ccnaequent annealing. I 

Wire Lashinsa, eonsfstlng oI rings or links built up of tiim 
after turn of wire all soldered Into 
a mass when the ring Is completed. 
constltuie a safe and UDfalltng 
means of applying the loop end of 
Flgiir"- Bl —A I'lmniiin * wire to Ita point of attachment 
nipan» of affliliiR wlrt end on the Btruclure. Obviously 11 Is 
[uhing. inconceivable that two or niorc ad- 

jacent turns in such a ring could 
poBseae such adjacent flaws as could poasibly cause breakage. 

TIGHTENING 

Since tlif tpiisloii iiipiiihers are the luat to bo applied in a 
structure, while upon them the rigidity or tne whole in a 
large measure depends, the provision for drawing them tight 
ia very Important. 

Turnbuckles are the most used devices for tightening wires 
and cables, having long ago been developed into practical and 
efficient forma tor all manner of other purposes — their em- 
ployment m the rigging of sailing veasels being possibly that 
moat nearly analogous to their use in the Btructure of 
aeroplanes. 

An objection, however, to such turnbuckles aa have been 
and are marketed by the ship chandlers ia the very excessive 
weight necessary to secure a sufhcient atrength with poor 
qualities of material. Also, such turnbuckles are not com' 
monly provided with aufflcientiy aeeure means of preventing 
tbem from coming loose, to meet the approval of the com- 
petent aviation expert. 

The consequence is that aeroplane development has brought 
into the market various typea ol B?ecia.\ vaTiv\)\it\,\B6, wnAt 
of exceedingly high quality tnater\a\B, an4 ietieva.Vnj vtonv&^A. 
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-with locking meanB. Probablr the iKst are those In which 
the two BcrewB, provided with eyes for the attachment of the 
wires or cables, screw right hand and left hand Into the 
centre barrel of steel or bronze. The latter Is not as strong 
as steel, weight tor weight, taut the addition of a little weight 
to make It strong enough is recommended by many as a 
means of preventing such rusting as in the all-steel type ot 
turnhuckle sometimes makes It difficult to unscrew. Splitting 
the ends of the tumbuckle barrel and providing them with 
lock nuts Is one approved means of preventing unscrewing. 
A clumsier but more reliable expedient Is to bend a soft 
wire through the two eyes of the turnhuckle. Its centre por- 
tion passing through a hole drilled through the turnhuckle 
barrel. 



A much-used type ot turnhuckle can be extemporized from 
heavy motorcycle or bicycle spokes by bringing a portion of 
the spoke around Into an eye. the usual spoke nipple being 
applied to the other end and passed through a sheet-steel 
swivel, bent back and provided with holes for the attach- 
ment of tne other wire, as iilustraled in Figure 62. 

GIRDER MEMBERS 

Many ot the heavier members In an aeroplane are required 
to resist lateral or buckling stresses a^ well as compression 
stresses, for which reason girder construction of one kind 
and another must come into increasing use as the tendency 
to dispense with superfluous wiring progresses, 

A particularly strong aud light type of girder Is tlie hollow 
wooden spar, highly speclaliied by builders o£ small sailing 
craft and high speed yachts. Particularly for wing bars do 
such special spars seem desirable. 

CONSTRUCTION AND EXAMPLES 

Another place for the use ot girder c^ms\.TMC^.\Q^ '>.'?• '^ to-^skw 
ot avoiding mazes of external \vir\ng \s \tv \.^e \)o&^ oV b- "^ 
cblDe. Most of the advanced monoftlaTvea, a.-oii 'i ^*^~^ '^'"* '* 
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re built witb bodies equivalent to tUe typical box or lattln 
irdora long established In bridge and strncturRl engtneerlag. 
luch bodlee are very strong and llgtat. and such developmaat 
M may take place in the direction of tapered stream-litie 
lodies boat like in their general appearance as well as in 
much of their structural detail, doet 
not necessarily mean that tbe rucd& 
mental prlnclplea of the box girder 
need be discarded. 

The beat construction for a hollow 
wooden spar U that illustrated la 
aectlon in Figure 63. In whlcb the 
small tongues between the main sec- 
tions are to prevent the latter from 
heavy bucKling slresB. 




Figure 03. — Hollow- 
Vfoodfu hIiii; bars. 
Springing apart under 



CONTROL ELEMENTS 

In no part of an aeroplane Is there demanded more carefol 
and well considered design than In the different control de- 
vices, failure of which la exceedingly likely to terminate in 
fatality. The necpssity for controla to be aimpie and aasli; 
operated Is almost as Imperative, since complication oF 
manipulation may easily load to the sort of confusion In an 
emergency thai often results In accltienl from the ever-prea 
ent personal equation, even though there be nothing brokMl 
about the apparatus. 



The 



SIMPLIFICATION OF CONTROL 

lumber and complexity of controlling movements in- 



volved In Che operation and piloting of an aeroplane have long 
constituted one of the greatest bars to progress in this field 
of engineering, and still present some of tlie most diffleult of 
its unsolved problems. 

Man being a creaiure possessed of only two feet and two 
bands, and flight ordinarily requiring — as displayed by the 
birds— a variety of manipulations delicate and vigorous, 
quick and slow, simple and complex, which man can scarcely 
hope to Imitate, the difficulty of producing them in unfail- 
ingly effective coordination must be apparent. 

Manipulations Involved in controlling devices are in tbeir 
ntimbor directly pro port ionnte to ^\le eWec-Vs M. \a atiMgti*. \ja 
product- by nioveinenl of coiilroWmg sviita.t6a. i\iia \iiw« 



STBUCTUHES AND MATERIALS 137 

may be lateral and longitudinal balance to be maliLtalned, 
vertical and horizontal ataering to be effected, a motor to 
regulate and adjust, instruments and devices to be watched, 
and the special conditions ot starting and landing to be en- 
countered — from all cf which It must appear that the average 
aviator will And more than enough to occupy his attention 
unless the number ot these functions is reduced to a 
minimum. 

CONTROL STRESSES 

The loads on controlling surfaces, and. consequently, upon 
the wires, levers, etc., by which they are manipulated, are so 
very light In all ordinary aeroplanes, unless most disad- 
vantageous leverages are employed, that there Is not the 
slightest excuse whatever [or such breakage or otber failure 
of the parts as all too frequently have resulted In terrible 
accidents. 

The Magnitude of the Loads Is of course the measure ot 
the strength that must be provided In the wires and Other 
controlling elements, but even after allowing tor the highest 
pOBBlble unit pressures on the surfaces It is Still possible to 
provide Immense factors of safety without using heavy con- 
nections. 

The Balancing of the Loads Is a detail that can be so ar- 
ranged as to require from the operator a manual effort very 
much less than the stress upon the controlling elements. 
Thus In a. wlng-warping control as one of the wings is drawn 
down the other rises, and the pressure under the rising wing 
so nearly balances that under the other that practically the 
only effort needful to be exerted by the operator is to over- 
come the friction of (he operating device. Similarly, ele- 
vators and horizontal and vertical rudders should be pivoted 
sufficiently close to their centres ot pressure so that moving 
them or holding them In fixed positions can in neither case 
require a powerful effort. 

PULLEYS AND CHAINS 
A point in the dosisn of controls that is much slighted In 
present aeroplanes is the provision ot sufficiently flexible and 
trictionlesB elements where the power is transmitted a-iu-ivA 
corners, as over pulleys and the \i\te. Var\\tvi\vi.Y\'i V*^ ^i-^- '^"■^; 
'lemned Is the common practice ol s\U\wv- ft«'»-'^'^\*^ -sStt' t'A^i 
through bent copper tubes, \v\\ic\i c-J-aWv '^^'^ '^'^'' ^'^'^^ "^ 
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loads at each point of this character equivalent to a 
percent of the entire efFort transmitted. And, more than thit 
such wear as does occur is iikely to be concealed by the 
tubing and thus progress to the point of danger without bei&s 
noticed. 

The use of cable chains or other flexible chaina, pmaaiDi 
over ball-bearing pulleys, does not add greatly to the cost of 
a machine, and has the advantage of transmitting power with 
so small a percentage of loss that the resulting effect is Im- 
mensely superior to any to be secured by the use of flexible 
cable with or without plain-bearing pulleys. And as ftictloB 
always means wear, any reduction of it makes for safety. 

RELIABILITY AND SAFETY 

These are, in the last analysis, absolutely the most impor 
tant of all the considerations ihat can influence the design 
of a control system. 

Duplication and Inspection are the twin means to absolut<? 
avoidance of the possibility of accident Making every con- 
trolling element plural, with the operativeness of each part 
wholly independent of anything; that may befall an adjacent 
part, is the sure way to guard adequately against flaws in 
material, undiscovered wear, and other unforeseen occur- 
rences that may causo disaster, and since such duplication 
cannot at tlio most add very measurably to either weight or 



CHAPTER SEVEN 

POWER AND PROPULSION 

The question of power for the propulsion of aeroplanes Is 
one at the present time of the utmost importance. So far, 
aeroplane progress has been made possible largely through 
the development of light-weight gasoline motors involved in 
the growth of the automobile Industry. And undoubtedly a 
most serious obstacle in the way of immediate further prog- 
ress is the lack of motors still lighter, more efficient, and 
more reliable than the best of those available. Most aero- 
plane flights so far made for duration records, for example, 
have been terminated by motor failure, though close behind 
this limitation always has been that of fuel radius, which is 
largely dependent upon the matters of weight and efficiency. 

It nevertheless is obvious that many of the best flying ma- 
chines of the present time might have been flown with much 
heavier motors than are now used in them — with motors such 
as have been available for even twentj* or thirty years — and 
there is every reasonable prospect that as progress continues 
still less power will be required, until ultimately flight may 
be accomplished by man with even as little power per unit 
of weight as is demanded for the flight of birds, thus in a 
manner making the motor problem solve itself — by so reduc- 
ing the demand for power that almost any sort of a motor 
will serve the purpose. But it has seemed necessary flrst 
to apply the light weight motor as a means of working out 
the general details of the necessary aerodynamic mechanism, 
the discovery that heavier and less powerful motors could 
conceivably have been used at a much earlier period being 
knowledge secured too late to have been utilized to the 
utmost advantage in flight development. 

AMOUNT OF POWER REQUIRED 

It is constantly becoming more evident that the amount of 
power required to fly an aeroplane can be more and more 
reduced by improving the efficiency ot l\v^ ^exci^X^x^fe W&^^s^- 
Thus. In the use of stream-line bodies axvd oV\i<i^ O^exs^^^^N-'^ 
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n ImprovemeDt of the aerodynamic efllclftncy of wings, lad 
o reduction to a mlnfniiim of akin trlctton. He the eolutloci 
•f flight with a mlnlmuDi of power. 

LEVEL FLIGHT 

What may bo considered Ihe Dormal type of flight Is Di^hi 
■.long a love! coufbc — Ihe machine neither rl§lng nor falling— 
and this type o( flight is the proper measure of the Donsil 
energy requirement. 

Aa has been heretofore enplaineii, such are the oHIclenciM 
of aerodynamic reactlona that the power required for level 
flight tends to become exlremely low as aeroplanes n 
progreHH towania correet deslgna. just aa It Is extremely low 
In tbe caae of nature's meclianlsm. the bird. 

CLIMBING 

In risini; from a lower to a higher level, much more power 

Is required than for level flight, the amount or this maximnin 
energy refiulremeot being, In fact, determined by the cllmtaiag 
ability demanded. This brings to attention a sotnewhal 
curious condition, which is that increasin!; the power and thH 
tlirust by which an aeroplane Ib propelled can not and does 
Hot malerlally increase its speed, but simply forces U to 
progress on an upward slant, gaining In altitude rather than 
in rate of travel, 

GLIDING 

Jwst as climbing wHh an aeroplane InkfB ptace without 
material variation In speed, but demands an Increase la 
power, so. conversely, gliding does not ordinarily increase 
speed, but Khiiply diminishes the demand for power. Thua. 
if Ihe power Ih ''iit off when an aeroplane is in the air. It It 
Is properly ib'siKticd and properly steered it cannot fall 
but will cimimenrc id ouco to coast on a slant of air at its 
normal speed, jmsI iis comi)lelcly and safely under control 

Soaring Flight is a peculiar and as yel unexplained type 
of gliding flight, concerniuK l)oi)i the i),>rrormance and the 
mystery of which Ihcre i,>i much diHpnIo. .Authorities there 
are. whose practiiiil knowledge is as iiKlisputable as are 
their theoretical attaiiinients. who stoutfy contend thai It Is 
going to be poKsible ultimately to iicliieve without [lower 
uowi-lliliig aliin lo llio indefu\i\c\v t:ou\\\\w.-(\ eoai'™?, %\^&v 
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9 that tB BO Indubitably eBtabliehed to ezlet In the case of the 
B larger flying birds. A elmpler explanation, but one that un- 
fortunately does not explain all caees If many dtsaeatlng 
authorities are to be believed. 1b that the soaring bird do- 
rlvea Buetention from upward currents of air, caused by wind 
friction over surface contoure or by ascending streams of 
heated air, permitting the bird, so to spesk, to coast In- 
definitely down an invlBlble hill that itself rlera faster than 
the bird coasts down. 

POWER PLANTS 
A question not of less importance than that of the amount 
of power required to propel an aeroplane is that ot the source 
from which it Is to be obtained. 

GASOLINE ENGINES 

The gasoline engine in certain highly specialized forms 
being the lightest prime mover known, and it having been 
developed to high degrees of reliability as an element of 
motor boats and automobile mechaniam, it is the only motor 
that at present meets any conKiderable favor or that may be 
considered to offer material promise tor future application to 
aerial vehicles. Aeroplane engines using gaaoline as fuel 
have been built weighing as little as a pound and a half 
to the horsepower, and are made of considerable reliability 
in weights of from two and a half to seven pounds to the 
horsepower — (he latter fisiire permittinR thoroujthly adequate 
water cooling and including the weight ot all necessary ad- 
juncts, such as ignition and carbureter equipment, flywheel, 
radiator, and the like. 

Examples and Data concerning various eslablislifd aero- 
plane power plants are much more informing than iiny merely 
general consideration of the subject. 

By far the most successful as well as one of the lii;]ilest 
aeroplane motors at presoni in use is the fJnoine — a revolving- 
C3"linder type, all of the parts of which are machininl from 
bars of liiRb-praiie alloy sloel. This motor in its different 



models weighs from two 


and t«-o-(.'iilh!^ poun<lK 


to four 


pounds to the horsepower. ; 


and \^ capaljle of nnini 


MS to^: ^s,<. 


least as many as ten hours 


wUhonV &\(i\\Vi\vMi, c.sixvi 


F.ViWV\-i ^"^ 


liroring its maximum powci 


■ output. 




Despite the fact that whe 


■n first p\ii.coi \^\>oii V 
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KHB regarded as aa exceedingly freakish rarlalloD from ^1 

copied automobile practice, tbe- Gnome motor has vlndlc&Ii^ 
the oriKinality of its deslgnerB by Becuring for aeroplaoei 
which 11 has bpeti inatallpd practically every aeroplane retort 
oF Importance within two years Trom its Introduction. 
poBBesses. however, Berlous dlsadvanlageH in cumbinallni 
with its important advantages. Most valuable of the »i 
vantagea are the very considerable fljTvheel effect due to U 
large revolving maas, tbo ininiunity from vibration due M 
the fact thai none of the parts really reciprocate i 
rclatlvF'ly to one another, and entreme lightDeea and «' 
fective air cooling, due to the fact that the whole constructkc 
especially lends Itself to these desiderata without eaeriSclDf 
Btrength or reliability. 

The most objectionable features of the Gnome n 
the gyroscopic effect due to the revolving mass, Iht 
of power required to revolve It against the air resistances, 
the great space It occupies, and the excessive oil and fuel 
consumption. 

Contrary to common opinion, Ihe cooling of the Gnome 
motor Is not so much due to the revolving of the cyllnden 
through the air as It Is due to a wasteful Internal Bcavengin; 
effect of the incoming charges through the valves In the 
pistons, whereby the usual tendency to overheat in these ele- 
ments is largely counteracted. Another condition that ( 
tributes to tile effective cooling Is the very low compression 
employed, disadvantageoua otherwise, however, In that it 
manifests Itself in a power output not over fifty percent o( 
that commonly obtained from the same cylinder capacity in 
ordinary automobile engines. 

In accounting for tbe coollnK efficiency of this revolTlng 
motor, it is usual to considfr llie path of tbe cylindei 
cuiar path, which is thp condition only when Ihe machine Is 
not progroBsing through the air. Dut with the normal for- 
ward movement In flight of a definite number of feet to each 
revolution of tbe niolor and propeller. Ihe path of the cyl- 
inders Ilirough the air becomes a helical path — around a helix 
sri t-iiiniifili'd ns to add but a small percentage of the distance 
the cjiinderB would travel did they not revolve. 

Kspecially clever In the design of the Oiiorae motor Is the 
guite original use of :\ 'luns^ei comwcUnij^ Toi!' \.ci V\\^ hH 
end of which those of the oVhev pistons axe \V«i(.wi ^-o. watSi v 
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manner that, while their angularity is slightly increased, there 
is afforded the very great advantage that the big ends of all 
the rods except the master rod become rocking rather than 
rotating bearings, and permit that of the master rod to be 
provided with a large ball bearing of a type that reduces 
friction and minimizes wear. 

The apparently paradoxical fact that the pistons and con- 
necting rods of the Gnome motor do not reciprocate but do 
.really revolve will be understood when it is considered that 
the crankpin is stationary, so that the pistons, linked to it 
by the connecting rod, are compelled to revolve in a circle 
around it. This circle is eccentric to that around the main 
bearing of the crankshaft, about which the cylinders revolve, 
wherefore there is a relative reciprocation between the cyl- 
inders and pistons, due to their traveling two eccentric 
circles, but no actual reciprocation with reference to anything 
external to the motor. 

With the exception of the revolving motors, there are no 
conspicuous examples of successful air cooling in aeroplane- 
motor practice, with the possible exception of the Renault 
motors, which are air cooled by powerful blasts of air forced 
over the cylinders by a centrifugal blower. 

Typical of a more conservative school of aeroplane-engine 
design are such motors as the Wright, the Panhard, the 
Curtiss, the Antoinette, and other fairly close approximations 
to what is standard in automobile engineering. In these 
water-cooled motors a high degree of reliability and durabil- 
ity is sought rather than extreme light weight, but it is 
only as aeroplane efficiencies become higher and the conse- 
quent demand for power lessens that motors as heavy for 
their power as these really can come into their greatest 
fields of usefulness. 

As in automobile engineering, a common type of water- 
cooled aeroplane motor is that with four vertical cylinders, 
but preferred to this where greater power is required is the 
"V-shaped." eight-cylinder construction, involving two rows 
of four cylinders each, placed at ninety decrees to each other, 
thus permitting the use of an ordinary four-cylinder crank- 
shaft for the eight cylinders, and allowing es^?eev?i\V^ ^^-^x.^ 
compact, and fairly light weight couaUueUoxv. 

Another engine type of much prom\ao, vi\\<\ o^ ^ovcve v^^'^'^"' 
application, is the horizontal-opposed moloY ns'WXv v^*^ 
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iadere. Mechaolcally, this is even better balanced thaa 9- 
dinary four and eighi-cy Under motors, and. while it doea not 
lend itself to the developmonl of as much power wlthto u 
tow wetghl. aa In multkylinder con at ructions, R is probable il 
Will afford enough Trotn every standpoint of future requiiv 

STEAM ENGFNES AND BOILERS 

The ateam engine, though it has not yet been appIltH] tn 
modprn aeroplanee, was extensively used In the early era ot 
aeroplane experimentation, and may again disclose very 
definite merits if future progresB Bufficiently reduces tli» 
power demand. For In addition to Its bl»:h reliability, aal 
the least of the advantages of a well designed steam pow?r 
plant is the poasibillty of providing for the use — even ia oa* 
and tbe same plant — of a great variety of common faeli. 
readily obtainable anywhere. 

In the matter of reliability, it is well known that esrtiiiB 
autnmoliiloB with steam power plants, i-reides being substan- 
tially as light as are tbe best gasoline automobiles of similar 
capacily. are well in advance ot the nvprage in rellabllil; 
and durability — thouEh it Is a fact against them from auto- 
mobile standpoints that they require unusually expert car« 
and handling. 

Concerning fuels, llqaid fuels such 
are moat used In steam automobiles. 
and unvarying power demand of the aeroplane, which thus 
escapes the nocessily for refiulaling devices capable ot tak- 
ing care of efinsidLTable fluctuations, there Is more than » 
reaaouiiblo possibility of using various solid fuels such as 
coal, cokp, charcoal, wood, etc., most of which have the 
merit of almost univerHal avajlabilily. so that a machine 
utlliKlng them could find fuel by descending in almost any 
locality. 

One "f th-- mopi iiitereating steam engines ever built was 
that used by Sir IlirMm Mavtra in his aeroplane experiments 
In 1S;'4. This cniitne weighed, with the boiler but without 
water, about (■iKhleeTi hundred pounds, and developed 363 
horsepower — less than five pounds to 'tie horsepower, 

.Another very lifiht aeroplane muior was the steam engine 

used by Professor l.angley iu lite siitc^ssful luode! flylnE ma 

ctiine, wftich How halt a iv\Ue over U\e VW^«TOa,c -Wi-i^-^ \o 

JSae. This engine weighed. w\l\v Ws tooWct . ova's ^'v^'^^- 
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and developed one and one-half horsepower. Other Inter- 
esting steam power plant, built in 1S93, by Laurence Har- 
grave, were applied to models succeseCully flown in Australia. 
In these was incorporated one of the first examples of tubular 
boilers of the now widely known flaHh-genBrH.tor type. The 
moat powerful of the Hargrave motors developed over five- 
eighths of a horsepower and weighed only seven pounds — en- 
gine, boiler, burner, and enough fuel and water to last for 
four minutes' running. 

For successful application of steam to aeroplane uses there 
is no question but that the flash generator, found most suc- 
cessful In automobile practice, must be used In combination 
with sucb engines as also have been found successful for the 
propulsion of automobiles. 

TANKS 

While admitting of no considerable choice In design, and 
though essentially simple in construction, there are neverthe- 
less a few points worthy of emphasis in reference to the 
fuel, lubricating oil, and water tanks involved in one type 
and another of aeroplanes. 

Heretofore it bas been rather a common custom to provide 
tanks elonsated bo as to offer a minimum resistance to move- 
ment through the air, but though such minimization of re- 
sistance is important It would seem that other nuestions, such 
as maximum capacKy with a minimum of weifiht. ample 
strength, and an avoidance of Hplashing of the liquid contents, 
might be of even greater importance. From these several 
standpoints everything is in favor of spherical tanks — the 
sphere being the one form that does not tend to distort 
imder internal pressure, besides ivhich it is tin; form that 
affords a maNimuni capacit}' with a minimum of surfact-. 
Another advantage of the spherical lanl< is ihai tilting and 
rocking movementB of tbo muchino cause the tank to re- 
volve around its contents instead of splasiiiiiii; them violently 

The matter of ;iir rfsi!'(;.neo is .■:isicst iLiken care of by 
enclosing the lank or liiiik,'; in it slroiLui line Imcly, in jirefer- 

PROPELLERS. 

The scrow propeller lias l"-ei\ ciuWi- \V.iT««v.^\v\-; '''~''"~y^^^ 
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..eainst the atr lor the propulalon of an aeroplane wlUi i 
minimum waste of the available power. In addltlcm to co- 

talKng too niucti complication, nilb cona^ueat rapid war 
jid constant danger of breakdown, all types of revolrlBi 
laddleB. flapping wings, and the like, have been found T«n 
low In their efllciency as compared with tbe best a«rial p 
pellers, some of whlcb, operated under favorable ootid Itlona 
have been found to afford tlirusts equivalent to ninety per 
cent of the actual power developed by the motor. 

Much confusion bas pxieled In tbe pitst and still exists iB 
the minds ot the ili-informed. who fail lo distinguish b» 
tweou the functions of air propellers and the functions ol 
similar but by no means analogous mecbanlBms. To clear 
away this confusion It is essential to understand ttiitt there 
are three possible devices of the same general appearance. 
which are adapted to tjulte different purpoees. First of thees 
is the ordinary windmill, the (unction of which is to rotate 
from the reaction occasioned by a cylindrical stream of air 
forced through its circle of rotation; second is the revolving 
fan. theorelicaliy and practically the proper opposite of the 
windmill wheel. Its function being the production of a car- 
rent by shearing loose a cylinder of air from the surround- 
ing almospliere and forcing this cylinder through its circle 
of rotation. The third device is the air propeller, bearing 
no such close relationship to Ihe other two devices In its 
functloiis as 11 does In appearance, and aa they do sustain to 
each other. For an air propeller ie Intended neither to react 
from disturbed air forced through it, nor to cause a flow ot 
air to pass through it. Instead, its function IB that of pro- 
gressing with its attached mechanism through the air with a 
minimum disturbance— as nearly as poBsible like a screw la 
solid substance. Unavoidably, when first started, or when 
traveling slower than its proper pitch speed, an air pro- 
peller must operate as a more or less efficient fan, but under 
ideal working conditions its blades slide through their helices 
of travel with little disturbance of air but that due to the 
compression and the neutralizing reactions of the air against 
the effective surfaces of the blades. 

The design of air propellers Is probably a department ot 
aeronautical science in which there is less accurate and well 
formulated knowledge avaUab\e itan \n. aXioiiftl m^s oftiw. 
In a general way, however, It taa become ?Te\.\.-j -moW i^Xiiftk- 
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lished that the ideal propeller should have no more than two 
blades, and that these blades are properly to be considered 
as aeroplanes revolving in a circle. 

As for blade outlines and sections, evidently an infinite 
variety can be had, and in selecting the particular combina- 
tions best adapted to afford efficient results, little more can 
be done at the present time than to profit from the experi- 
ments that have been made, in preference to relying on 
theoretical conclusions. There is no question, however, but 
that the same rules concerning parabolic working surfaces, 
placing the greatest thickness towards the front edge, and a 
modification of the sections and angles towards the blade 
tips, are at least as important in their application to propeller 
blades as to wing surfaces. 

PROPELLER PITCH 

To avoid too high a rotational speed, it is probably prefer- 
able to use propellers of very high pitch, the most efficient 
results so far secured being with propellers in which the 
pitch exceeds the diameter. Failure to design on this basis 
involves, to secure sufficiently rapid progress through the 
air, rotational speeds so high that head resistances and skin 
friction become of such magnitude as to consume large pro- 
portions of the power. 

PROPELLER SPEED 

The peripheral speed of propellers so far tried out by 
different engineers is known to range all the way from 
12,000 to over 50,000 feet a minute, with the most favorable 
results in nearly all cases secured at the lower speeds, which 
besides their aerodynamic advantage also keep down the 
centrifugal stresses on the blades. At the higher of the 
speeds mentioned — nearly 570 miles nn hour — the centrifugal 
pull exerted at the blade tip is such as to test dangerously 
the qualities of even the finest structural materials available. 

Beside high pitch, low propeller speed involves large diam- 
eter and large area if the thrust secured is to be enough to 
fly an average aeroplane. These considerations practically 
demand that the propeller be driven throug»li <Xs.^ '\wV<Kt>A«K^- 
tion of gearing from the engine craT\V.aYv^tl, n^t^ ^^^ ^^v^vc^fc'^ 
capable of developing the requisMe \>c>>NeT ^\\Xs\^ "2^ ^^ 
weight being designed to run at speeOi^^* \o^ ewow^Q^ ^^ 
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mitable for direct driving. Though at proaent most a«n> 
planes still employ the direct drive, because of tbe mecbae 
leal advantages of mounting the propeller on the cranksbAH. 
the most elTlciEtnt ones do not. and ihero la a growtDE tend 
6ncy to discard direct for gear drivea. 

SLIP 

Slip is a phenomenon that presenta itself tn all median* 
Isms, of any type, In which it le sought to produce positive 
iDoveinents or reactions In fluids by the action of solid parts 
Thus, an air prnpeller, which if caused to travel through an 
internally-threaded cylinder of metal, would in fact as in 
theory progresB without slip — making the definite and in 
Variable advance demanded by Us pilch for each revolution 
or part of a revolution accomiilielied — In the air ordioaril}' 
trogresHPs at some slower rate, the difference being due to 
the loss of effect caused by the air belni; moved bachward as 
Well as the propeller blade being forced forward. 

EFFECTIVE SURFACE 

The offeclive surface of a propeller is that portion of thB 
circle swept by the blades, against which thrust is developed. 
For two principal resaons thore is little advantage in at 
tempting lo make effective surface of the whole of Ihe circle. 
The first reason Is that the speeds and the angles of blade 
travel towards the center of the circle are too alow and too 
inclined to produce measurable thrust with any Bort of blade 
surface (hat it is possible lo devise. The other reason is that 
— the areas of circles varying with the squares of their diam- 
eters — very little area is lost in dismissing from thrust con- 
eideralions consideriiblo portions of the inner end of the 
propeller blades. Thus to eliminate one-halt of the blades, 
from their centers to Ihe hub, is to eliminate only one-fourl.h 
of the complete area of the circle. 



T iif propeller ihrust is a subject concerning 
Is much ('(mfusion. This Is especially pronounced 
CO Hi the disCinclions and comparisons that are 
iiade between "standing thrust" and "traveling 

■ -Vei-ertheJess an ana\>■e■^R ot V.\ve swVmcv 4\?^onbt* \.v 

lic/i less complex than aX ftts^ apwea-tt. 



POWEE AND PBOPULSION 189 

With an aeroplane held back on the ground, or with a pro- 
peller otherwise reetralned from traveling through the air. 
It then affords the highest thruBt of which it la capable at the 
given speed of rotation. This U because In this condition, 
braced against an Immovable point, It Is shearing Free from 
the Burronndlng atmosphere a maximum quantity of air and 
forcing It through its circle of rotation. The moment the pro- 
peller is permitted to progress, however, a new condition 
supervenes, and the thrast obviously cannot be higher than 
the restraining forces due to the resistances of the machine. 
This results In a speedlDg up of both aeroplane and propeller, 
to a point determined by the Interrelation between the re- 
elstancee of the machine and the power available to overcome 
them. This condition of balance reached, the working con- 
dition thereafter remains a uniform one. 

The maximum thrust obtainable with any propeller, asBUm- 
iDg an efficiency of one hundred percent, Is very conven- 
iently visualized by the simple assumption of a new unit, 
the "mile-pound," as compared with the "foot-pound." Thus 
a thrust of oue pound, with a machine traveling a mile a 
minute, calls for the theoretical expenditure of 5,280 foot 
pounds per minute, equal to j^oVa. '''', reduced to lowest 
terms, -^ of a horsepower. On this basis, one horse- 
power can afford only 6.25 pounds thrust at 60 miles an 
hour, with an efficiency of one hundred percent — and propor- 
tionately less with less eiiiciency, Comparins this with the 
table of resistances on Pages 42-3. the very great significance 
of the elimination of head resistances by application of the 
"reaction Impulse" will be readily appreciated. 

PROPELLER MATERIALS 
Moat propellers so far built have been made of wood, this 
material combinine liEhtnese with strenRth in a defiree that 
prevails with praciirally no metal capable of being as readily 
worked into the requiaile forms, FormtTly belifvod to be 
objectionable, the thickness of bliidc necessary to afford the 
requisite strength with wood, now. in the liRhl of more com- 
plete understanding of streamline forms, commences to ap- 
pear as of positive advantage from otheT t\vatv t,\^'AOoix-i\ 
standpoints. Nevertheless, once ptoiiettfti 4es\wv 'vi> Tt<s.NW.« 
to eumcipntly definite standards to wawniA V'p.'f ^-"^^*^^'^, 
diea, it in more than likely that pvop«U«?vs nsW \a'^ ""^"^ 
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BCtorlly made of thin sheets of eteel, coDcaved under hearj 
jroBBCB Into the formB necessary (or the working aurfacc* 
ind the backs of the blades, and wllh the two pieces Uia* 

imployed In each blade Joined around the edges by m to- 

;enous weldiDf: ^^H 

BEARINGS AND LUBRICATION ^| 

Most imi>ortaiit elements in any mechanism are Its bear- 
ings and their lubrication, since it Is upon the integrity of 
the wearing surfaces and the minimization of power loss and 
%ear Induced by their friction that continued serviceability 
must depend. 

BEAniNGS 

In the history of mechanism an immense variety of bear- 
ings have been devlBcd to serve as great a variety of needs, 
but present-day engineering practice has settled upon a few 
long-lested types of hail, roller, and plain bearings oa the 
tnost Bullahle for all ordinary purposes. Each of these dif- 
ferent types has been provi^d lo have its special merits, and. 
In most CHBCH demerits, so a choice is usually dictated by the 
special conditions to be met. 

For tbe present consideration, therefore, It Is possible to 
do little more than generalize by emphasizing the Importance 
of liberal sizes, liberal areas, and the best material Id bear- 
ings, as the surest means of affording abundant strength and 
reliability, immunity Irom healing, and slow wear. 

Bali Bearings, subslituting rolling for sliding contact as a 
moans of diminlEhing friction, are very old In their concep- 
tion, but first came into general and practical use with the 
advent of the bicycle. Since then they have been widely de 
veloped for application to the automobile and. latterly, for 
tbe aeroplane. Ball bearings manifest their superiority most 
markedly in the reduction of the friction load at the moment 
the mechanism is started in motion, the starling friction 
when they are employed being practically no greater than 
the effort subsequently necessary to maintain tbe mechanism 
in operation afiainst the running friction of Its bearing. In 
the best types of plain bearings, in which running friction 
of/i>n is reduced to a very smaW SiacUovv ot Vne \tia.4 \,i».-b»- 
wiUcd, the friction load at elarUtig is a\«a.V6 -iB.tv\':i ^caXwc. 
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UUBRICATION 

For mecbanlsme that must be very light and yet subjected 
to a mazimum poeelble duty, as tends to be the case witb 
practically all the elements ol the power plants or aeroplanes 
aa they are now made, it is a most pressing necessity that 
constant and adequate lubrication be automatically provided 
far every bearing, so that unfailing Functioning may be 
reasonably assured with a minimum of attention. Haphazard 
methods ot lubrication, which In a way can be made to serve 
In automobiles and other mecbanlsme, are under no circnm- 
Btancee to be tolerated in the design of an aeroplane power 
plant, in which the lubrication ehould be regarded as one of 
tbe moBt important elements of the whole design, and ar- 
ranged for on a correspondingly adequate basis. 

Lubricants found most suitable for aeroplane use comprise 
a range of mineral oils and greases similar to those preferred 
tor automobiles. In addition to these, castor oil In liberal 
quantities has been proved to possess peculiar advantages for 
air-cooled motors with steel -to-steel wearing surfaces, while 
deflocculated graphite is commencing to receive recognition 
as possessed of meritorious qualities when admixed with 
neutral oils and greases. 



4 



CHAPTER EIQHT 

AEROPLANE OPERATION AND NAYIGATION 

Aeroplane use having already developed to the point where 
long croBS-country and over-water trips hsve been undertAken. 
&nd In a majority of cases euccesBfully accompllahed, wblle 
the future iiromlees vastly to increase the amount of long- 
aiBtance journeying by air, questions of the developing t«h- 
tilque of aeroplane operation and navlcialion are properly lo 
be regarded as of increasing Importance, 

STARTiNG AND LANDING 
Since the aeroplane HieB by means closely analogous to the 
ineana employed by birds in gliding night, the necessity lor 
biartlng and alighting runs is apparent when it is considered 
that even the birds do not escape this n ec ess i ty— small birds 
making their initial rise into the air hy one or more hops. 
and larger birds being compelled to drop from an eminence 
or to make considerable runs on the ground before they can 
Ret into th.' air. H is an inleresling but weii-established 
fact, for example, that the condors and the California tdI- 
tures. the largest flying birds known, can be securely im- 
prisoned in small pens open at the top but with sides suf- 
ficiently hi):h to require rather a steep angle of ascent. 

PREPARED AREAS 

For these reasons, as the successful flying machine comes 
more and more into practical use it must reasonably come to 
be recognized as quite natural for aeroplanes to require (or 
their practical utilization the provision of special landing 
pluces and starting areas, just as it is commonplace for docks 
to be provided tor water craft and stations for railway trains. 
Likewise, too. to make what seems a reaBonable deduction 
from these considerations, it is probably a wholly erroneous 
idea of the factors of the situation lo suppose that aero- 
planes ever can lie used for urban travel, such as must re- 
nutre tlietr startinp from or alighting in (he streets of cities. 
or et'eli Upon (he roofs of buiViliWKs— Wiovis'Si ii. Va v>«'«V^\« 
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that the latter may In time come to be utilized to a greater 
or leas extent But ttie more likely Immediately provision 
will be that of large cleared areas In the suburbB of towni 
and cltieB, with excluBlvely suburban flying between these 
areae, which will leave the problems of strictly urban trans- 
portation to other than aerial vehicles. 

It seems impossible ever to escape the superior desirability 
of cleared areas from which to start and upon which to alight. 
Nor Is It likely that such areas will suSlce If merely made 
long and comparatively narrow, as has been often suggested. 
Preferably they will be circular, or large enough to include 
such a circle that ground travel In any direction will allow 
sufficient distance for the necessary retarding or accelerat- 
ing. A minimum of a quarter of a mile in diameter would 
seem to be as small a circle as it is at present safe to con- 
sider, and in the case of such an area being bordered by 
trees or high buildlngH. such as might not be readily passed 
over at the steepest possible an^Ie of ascent, the space should 
be extended considerably beyond that actually required for 
the mere run on the ground. The largest area absolutely ro- 
(tuired would be such as would permit a turn before the edge 
of it was reached, followed by circling flight over the Held 
until sufficient height were attained to pass over the highest 
of adjacent obstacles. 

WATER SURFACES 
The recent development of hydroplane alighting gears 
makes it more than likely that small inland lakes and ponds 
may be in the future widely utilized as aeroplane stations, 
especially if the hydroplane aliRhtine sear can be combined 
as Buccessfuily as seems probable, with whccla and runners 
that also will permit slarliiig from and landing upon the 
ground. 

INFLUENCE OF WIND 
Facing the wind, while perhaps not an absolute necessity, 
is certainly a most desirable condition of starlhip; and laud- 
ing with present types of aoroplanps. Obviously, since aero- 
plane wings must be movoci laterally through the air before 
they can lift a machinft from tho ^'round, in runnin;; into ttip. 
wind the speed Ihroue'i the air iBhiKV\''V Wan V\\'' acVwA ■s.^.-'*-* 
over the ground, with the consenviocc V\\a^- art's a.^'^'*' f-'^'^^'^'^" 
speed IS necessary to secure the rw\\i\s'iV*i 5^*^^ t.^oo'^- 
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versely, in starting wltb tbe wind tliere must be aubtracUd 
the Bpeed ot the wind [rem the ground speod of tbe vehicl* 
neceuitatlng eo high a ground speed as to render el&rtiat 
Tery difficult with the wind b«blDd the machine, unleaa Itit 
wind be moderate almost to the point o( calmness. 

With a wind at the place ot starting greater in its i 
than tti« tnashnum flying speed of the aeroplane, Btortlng ii 
almost Impossibly dangerous from every standpoint of pr« 
ent knowledge, becauBi> Its attempt is almoBt certain to resut 
In throwing the machine over backward. 

A wind Irom the Bide Ie objectionable in starting and b 
landing, because It tends to careen a machine over and tbu! 
cause disaster. 

Of course, once an aeroplane Is in flight, It is a cotnpars 
tlvely simple matter to turn and travel in any direction— 
with the wind, agaiuBt it, or across it. 

PROPERTrES AND PHENOMENA OF THE ATMOSPHERE 

As the medium through which all aerial vehicles mu 
travel and ttora which they must derive their support, 
least a passitig conHlderation of tbe properties and phe- 
nomena ot the atmosphere has a logical place in a worl 
this character. 

Tbe weight of the air is an especially important considera- 
tion in the design of an aeroplane, since In any beavjer-thaQ- 
air apparatus the weight of it is sustained by the quantity 
of air acted upon unii reacting, an inlerreinlion that varies 
in the force of its effects with the area of the sustaining sur 
laces, the rapidity of the action, and tbe consequent mass of 
the air affected. 

According to thp best authorities, air not freed from water 
vapor and the other Impurities usually present, welg:hB at 
sea level, at r,2 degrees Fahrenheit, very close to .0S0T2S 
pounds to the cubic root^ — practically i£>^ cubic teet to the 
pound. 

Ot the dynamic properties of air, the most important from 
aeroplane standpoints arc Its inertia, its elasticity, and its 



The most important meteorological phenomenon of air is 
t of Ihe atmosphere in the (orm of winds. 
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INERTIA 

Air In common witb all otber mAtter having wetgbt exhibits 
the various phenomena of Inertia, which may be defined ai 
the tendency of a mass to remain at real, or to continue In 
uniform motion In a straight line, until acted upon by some 
disturbing or retarding force. Naturally, air being invisible 
as well as much lighter than solid or liquid forms of matter, 
Its inertia is leas marked than in the cases of most heavier 
substances. But that under favorable conditions It is a 
quality to be reckoned with is abundantly proved by the very 
fact of human Qight itself, as well as throughout a great 
range of natural phenomena, from the flight of birds to the 
extraordinary vagaries of cyclones. 

As one great investigator has tersely expressed this pro- 
found aerodynamic truth in form to be appreciated by the 
man in the street, "the air is hard enough If It is hit fast 
enough." 

ELASTICITY 

The property of elasticity is one of the fundamental qual- 
ities that dlstlDgulsh air from liquids. Air and other gaaea 
are In tact the only perfectly elastic substances known — the 
only substances that will withstand compression to an in- 
definite extent and for indefinite periods without In the slight- 
est degree losing their ability fully to recover the original 
volume. Gases compressed to thousands and even hundreds 
of thousands of pounds to the square inch, for no matter 
how long a time, instantly and unfailingly expand to any ex- 
tent permitted by release of the pressure. 

It is to a great extent this property of perfect elasticity 
that, under favorable condltiona, makes for the exceptionally 
high efHclencieH that can be realized with suitabiy designed 
mechanisms for operating on masses of air, 

VISCOSITY 

Viscosity is a property of fluids closely comparable to the 
cohesion of solids, and may be defined as the tendency of the 
molecules to occasion friction when driven against or past 
one another. The viscosity of air is fieneraily stated by in 
vestlgators to be much higher than that of water — not per 
unit of volume but per unit of weVgtit, Ytom >Aie. w-^'a'^v^"^'^'^ 
ot the practical aeroplane deaSgnei. Uus v\stcie.v>-'j "Nixv'yi'-'** 
drag upon aJJ elements of (he macYivne, o^¥ob\^& ^^tteaa 
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resistances to their moyement as the speed of such moTement 
rises, the increase generally hein^ stated to vary with the 
square of the speed, though at very high speeds it prohably 
increases in some higher ratio. The question of skin friction 
on aeroplane and propeller surfoces thus is simply a matter 
of the viscosity of the air. 

WIND 

Winds, amounting simply to more or less rapid movement 
of portions of the atmosphere with relation to the earth's 
surface, present many aspects of interest to the air navigator, 
and are worthy of his profoundest consideration. 

Atmospheric movements vary in direction, velocity, and 
duration, and in the presence of ascending or descending com- 
ponents, and are classified according to their velocity, di* 
rection. and duration into the different classes of storms and 
winds. 

Wind velocities vary from those of most imperceptible 
zephyrs to the immeasurable violence of the cyclone. The 
highest winds that have been successfully recorded by anemo 
meters are slightly in excess of 100 miles an hour. 

Ordinarily wind velocities average much lower. In 650 
different daily observations of wind movement over the five 
great oceans, taken on board the "Challenger" during a 3^ 
years' cruise that ended in May. 1876, the mean hourly wind 
velocity was 17 miles. In 552 observations taken on land 
during the same period the mean hourly velocity amounted 
to only 12^/^ miles. 

Wind velocities are much greater at high altitudes than 
lower down. Kite experiments in a wind of 22% miles an 
hour at the surface have on at least one occasion indicated a 
velocity of over 130 miles an hour at a great height. Very 
moderate heights are enough to cause a considerable differ- 
ence, and observation will often show a wind velocity of 
twice that at the ground, at a height of no more than 50 or 
60 feet. 

nesidos major changes in velocity and direction, winds 
are subject to a multitude of minor variations and fluctua- 
tions, almost from moment to moment, especially in prox- 
imity to terrestrial irregularities, which retard and deflect 
thorn and otherwise interfere with their free sweep. Record- 
ing instruments show that bmcYv flwcXM^A.Voii'i^ ^x^ ^tt^n. quite 
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incessant, occurring with great frequency and throwing the 
air into billows and whirls and irregularities — ^which to cope 
with safely is certainly to be regarded as one of the more 
serious problems of aerial navigation. 

Ascending components in apparently horizontal winds, and 
especially in those blowing over horizontal surfaces, have 
occasioned much discussion and speculation by students of 
aerial navigation because of the supposed bearing upon the 
sustained soaring flight of certain birds. 

It is evident that indeflnite progress in a horizontal direc- 
tion might be made with a gliding aeroplane, were the air con- 
tinuously rising. Rising currents are now attributed to two 
principal causes — one, the slant of irregular country over 
which winds may blow, and the other, over flat country, the 
retarding friction of the lower strata of air on the surface. 

Another class of rising currents is that due to heating of 
the air. Chanute is authority for the statement that such 
vertical currents, seemingly unaccompanied by adjacent hori- 
zontal currents, may flow as fast as from six to ten miles 
an hour. 

HEIGHT OF FLYING 

Much speculation has been indulged in by the lay mind 
concerning the heights at which the average flying of the 
future is likely to take place, if aerial navigation is to become 
the factor in the world's affairs that is so confldently pre- 
dicted for it by so many. 

ELEMENTS OF SAFETY AND DANGER 

A casual analysis of the question is sufficient to indicate 
that both flying high and flying low possess their peculiar 
dangers and advantages. Thus flight close to the ground is 
more likely to cause falls, but these are less likely to result 
seriously, whereas in high flight there is little danger of 
falling, but in case falling does occur there is almost the cer- 
tainty of a dreadful result. 

The reason for this condition has been referred to in 
previous pages, it being simply a matter of the air being 
steady and uniform in its movements at high altitudes, 
whereas close to the ground it is disturbed and thrown into 
invisible billows and breakers by the ob&tA.cVek'^ q.n«c ^\s\Ocl\\. 
flows. 
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As (ar ae the mere nifttter of control 1b concerned, 
arier aviator, even with preiaent-day inachlDea. hui 
Rtrated an almost unralllng ability to maintain a tlx«d 
from the ground very closely— eb I tnming along ju«t 
th« earth'B surface, at a caiutant h«leht of only a (M 
or keeping ctoaely to given altitudes by barometer ok 
Hon in Dying at greater helgbta. 

NAVIGATION 

Aeroplane development can scarcely be said aa yet to h 
progressed to the point of providing the air navisator w 

as completely formulated rules for keeping his course, and 
efficient adjuncts and devices tor air navleatlon, as have itei 
developed for the mariner by centuries of water navigatlcH 
yet much good worli in this direction has been done, am 
more la under way. 

MAPS 

Considerable activity exists in the military departments o( 
several European governments in preparing special maps Ot 
the earth's surface for the use of men traveling above It in 
the air. The best of these maps are printed In color« sfni- 
ulating the actual appearance of (he ground as It Is seen from 
above, roads being white, forests green, water surfaces blue, 
etc. For convenience of hondllnB, maps In the form of long, 
narrow bands, mounted on rollers tbat can be fed by band 
aa the country Is traversed, are most favored by tbe Emo- 
pean military officers experienced in cross-country flying. 

THE COMPASS 

The use of the magnetic compass to maintain a desired 

orientation of an aeroplane is heset with far greater dlfflcnl- 

'.les than are involved in its similar applications to the navt- 

;atlon of water craft. 

The dlBturhances produced by the presence of Iron and 

eel parts in the neighborhood of an aeroplane compssa can 

' minimized as in marine engineering by the removal of 

ch parts to the greatest possible dislance from tbe com- 

19 and (he balancing of the residual magnetic effect by the 

cing of masses of soft Iron In suitable neutrallElng posi- 

s. But fhe dislurblng infivjence ot cvoaa -wXivA*, < 

oeway so great as to carrv a mactvMie 4oie\i» o\ 
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out of its course in spite of its being kept constantly pointed 
in the desired direction, is a condition that does not prevail 
in water navigation, in which the drifts due to the greatest 
and most rapid ocean currents are so slight as to require 
only very small allowances to be made for them. 

THE DIPPING NEEDLE 

When the day of transoceanic aerial navigation arrives, aa 
it seems almost certain that it must arrive in the near future, 
it is possible that the dipping needle — which is simply a 
compass set to swing in a vertical plane — can be made use 
of to indicate such serious deviations from a given latitude 
as would result from getting greatly out of an east or west 
course. It is the property of the dipping needle to stand 
vertically at the magnetic poles of the earth and horizontally 
at the equator, and to point at intermediate degrees at inter- 
mediate latitudes. The dipping needle is subject, however, 
to variations similar to those of the compass, and the vibra- 
tion and rocking of aerial vehicles will not tend to simplify 
its practical application. 

THE'BAROMETER 

A barometer carried on an aerial vehicle serves two pur- 
poses — of indicating altitude and of forecasting weather 
changes. In either case the barometer is simply a pressure 
gauge, showing the atmospheric pressure at any given time. 

In aneroid barometers the air pressure is indicated by the 
action of the pressure against the thin metal sides of one or 
more flat vacuum chambers, made of thin, elastic, metal disks, 
between which springs are placed to resist the pressure. A 
simple multiplying device converts the very slight movement 
of the vacuum-cell walls into the more ample movement of a 
hand around a circular dial or across a recording surface. 

TERRESTRIAL MARKINGS 

The use of markings placed on the earth's surface so as to 
be visible to aeroplane drivers overhead, has been the subject 
of extensive experiments in Europe. One of the first at- 
tempts in this direction was the whitewashing of the ra^vV^-a^i 
lines between London and Manchester so Wv^V V^NiN>cv'2v.xv '^^'^x^^ 
Dot miss his course at the juncUons, m \v\^ tcv^\i^q^^^'^^ "^^"^ 
between these two English cities. 
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l.uier developments in Ibis dlrectton have been the n 
plans proposed and experimented with In FVRnce for iN 
that conniry Into rectanjitular sections, and placing ilii 
out each section Indicating numbers from which the lot 
could be InBtaDlly recognized. Experiments conductMl 
the Eiffel tower have shown that white numbere one n; 
high (S9.31 inches) on black backgrounda are quite read, 
in all ordinary atmospheric conditions rrom distances 
Beveral tbouEaDd feet. 

Very Buggeatlve of what may be required wa» Atwoo 
policy In hlB lllehi from St. Louis to New York City, of Ofl 
low past the railway stations to read the names painted ape 

SPEED AND DISTANCE INDICATORS 

The determination of speed and distance traveled througb 
the air by an aeroplane is a comparatively simple matter. 
and it is probable that more elTeclivo and reliable for this 
purpoap than even the various anemometera and speed Indi- 
cators that have been ilevlsed, will he Ihe use of simple 
revolution counters for application to ihe shatt of the pro- 
peller, which, according to Its pilch, definitely advances so 
many feet for each revolution, and thus can b'> depended upon 
to maintain very closely a uniform tally upon progress 
tlirough Ihe air. once Ill's counitng device is properly cali- 
brated. It is almost universal practice in marine engineering 
for the progress of steam vessels to be similarly logged by 
revolution counters on the propeller shafts. 

The matter of apeod dv't the land, however, la another and 
more riifflcull problem, Kir.ce it is influenced by the que«tlon 
of wind, which may cjiiise the whole body of the atmosphere 
to move «ilh (he machine, thus adding wind speed to aero- 
piano Kpcf'd: njxiiiiist it, subtraclinK wind speed from aero- 
niane ppeed; or across ils line of travel, with the effect of 
irodncin;; t^mallor modidcaiions In the land speed. Appar- 
nily the only possible means of UeepiuB a check upon these 
isiurbinc factors will be (o use methods of "dead reckon- 

K." wliicti are lilicly to prove no more than indifferently 

liablo, 

NIGHT FLYING 
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have gone aloft with acetylene lamps arranged to project 
Bearchlight beams upon the surfaces beneath them. 

As aeroplane navigation develops it unquestionably will 
become necessary to have in addition to powerful lights on 
the machines themselves lights and signals visible from the 
ground at night, to correspond with the markings that will 
be used for flying in the day time. 

RULES OF THE ROAD AND LAWS OF THE AIR 

In common with all types of land and water vehicles, there 
is the necessity with the vehicles of the air for the estab- 
lishment of rules and laws to govern aeroplane operation, so 
that it may be conducted with a maximum of safety. 

Already the governing bodies In control of aeroplane com- 
petition throughout the world have formulated a few general 
*'rules of the road," such as those prohibiting the passing of 
machines closer than at certain stated intervals from each 
other — it having been discovered that the "wash" from one 
machine often has a serious tendency to upset or reduce the 
lift of another adjacent to it. 

The laws of the air, which are just commencing to be 
legislated into existence, are at present concerning them- 
selves chiefly with restrictions in regard to operators and 
machines, with the plan of demanding competence, quality, 
and sound design. As time goes on, these first crude attempts 
at legislation will develop into codified provisions for the 
licensing of pilots, definition of conditions and restrictions 
upon national and international flight, and stipulation of 
arrangements of lights and systems of signals, such as will 
tend to render aerial traffic of Fuch well-ordered type that 
the machines in the air will be of the smallest possible danger 
and of the greatest possible help to one another. 

GENERAL CONSIDERATIONS 

It seems proper here to enipliasize tho fact that neither 
the construction nor the operation of tho best modern aero- 
planes call for the uncommon knowlod^o and oxi)ortness thoy 
are popularly supix)sed to demand, unloss there bo involved 
the attempt to devise somethin*,; uew VAVVxvn- W-.wv \^ c-.^^vs 
Bomething tried and tested. RaU\ev \\\*a\\ waxu-Xa Vvx^^nnXv.^*^^ 
the construction of an aeroplane a\o\\v; esVvvXiW^^^'^^ \\\v^^ ^ 



w nil*' arrojuanr ac<-i(irn 
irii< waiic"'. tl:»'\' morr ot' 
V. li id: w h il«- ll iiia> !>»• cf 
raiice. is a phcnoint'iioii of 
place whatever in aeropla 
mistaken for courage. 

The initial practice flig 
chine should never under e 
the slightest wind, or els' 
and very uniform surface « 
the ground flight while a^ 
terrestrial obstacles. 



CHAPTER NINE 

THE FUTURE OF FLIGHT 

The wide introduction of aerial vehicles into the hands of 
the general public cannot fail to exert consequent influences 
of the profoundest importance upon nearly all phases and 
regulations of the present social order. 

The very independence of movement which only an aerial 
vehicle can possess must in itself unfailingly modify the 
whole structure of civilization, if present expectations of 
flight engineers concerning safety, carrying capacity, speed, 
economy and efficiency, utility, and other qualities are in any 
considerable degree realized. 

SAFETY 

The question of safety is ever uppermost in most persons' 
contemplations of aerial travel. To the average individual 
the very mention of an aeroplane now involves immediate 
visualization of an unstable craft of vague outlines and ter- 
rible hazards, precariously poised in the cloudlands at an 
illimitable height above terra firma. But how completely 
such ideas are at variance with the fact is shown by the cir- 
cumstance that aviation has proved less dangerous, for a 
given number of persons engaged in it, than college football, 
or, for a given number of miles traveled, than automobile 
racing. 

In the future, however, this safety is certain to be much 
improved. Indeed, the ultimate safety in aeroplane opera- 
tion is far greater than might be supposed from obvious com- 
parisons. This is because, while land vehicles are built to 
travel on land, they are built to do so only on specially-pre- 
pared courses, so that when an automobile leaves the road, 
or a rail vehicle leaves the rails, imminent and terrible 
dangers are at once Introduced. On the other \va.w^, vcv ^^x^ 
case of the vehicle designed to Ua\e\ \tv \Xv^ ^vc — ^^^^ "8 
plunge to the earth involves movement Wi^ow^ x^\Xx^^ "^^^ 
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away from its natural route, with a correspondiiig chance 
that remains, if the vehicle be well designed, of regaining its 
normal control and recovering its equilibrium without injury 
to its occupants. 

The fact that precarious and ill-designed machines have 
been extensively built, and have been operated by men more 
reckless than competent, does not gainsay these facts. 

How totally in error is the popular conception is sufficiently 
manifest in the general opinion that motor failure always 
results in a fall, whereas to the direct contrary, the ability 
of an aeroplane to soar reliably at a flat angle down a slant 
of air is contingent only upon the continuous structural in? 
tegrity of non-moving structural elements, or at the worst, of 
control elements made very strong or even provided in 
duplicate, and demanding only moderate and occasional ad- 
justment against very light stresses. Engine failure there- 
fore compels a descent rather than results in a fall, while 
with the duplication of motors that may be a feature of 
future development, it cannot even compel the descent — 
which in any case would be harmless unless all the surface 
beneath were desert or forest or rough mountains, or an 
extent of water so great that the small boatlike or floating 
structure would not be a sufficient protection against ultimate 
disaster. 

A condition making for safety in future machines may be 
the division of the duties of operation between a pilot or 
steersman and a motor attendant, each independent, though 
in convenient communication with the other. 

SIZE AND CARRYING CAPACITY 

The sizes of the machines that will be built in the future 
is another matter that must be left for the future to de- 
termine. It being a law of geometry already referred to that 
the areas of structures increase with the squares of their 
linear dimensions, while bulks and weights increase with the 
cubes, it is evident that at some point the gain of the weights 
over the areas will impose the limit that cannot be passed. 

Discounting this, however, is the probability that there will 
not be much demand for large air craft. Traffic experts in- 
variably agree that the secret of all rapid transit is the 
maintenance of rather than the capacity for speed, it being 
the Blowing down and Btops thai cYAei^^ «A«:A>;»iX Vit \3&a low 
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average speeds on land, despite the wonderful bursts of speed 
that have been made by land vehicles for short distances. 
And most evidently the existence of the expensive large unit 
vehicle on land is due mainly to the necessity for highly spe- 
cialized, prepared highways, while on water it has been 
found an essential means to high speeds and maximum 
safety. 

In the air, conditions will be different. Here the inex- 
pensive and ideal small-unit vehicle, suggested in a great 
degree by the automobile, and similarly emancipating its 
users from other person's routes, stops, and time schedules, 
will find an unlimited field for development. 

SPEED AND THE RADIUS OF ACTION 

The questions of speed and the possible radius of flight 
without landing are still a long way from settlement. Cer 
tainly the speeds ultimately to be obtained with aeroplanes 
will be very high, but, what is more to the point, they will be 
easily maintained. In this regard aerial navigation is com- 
parable with travel on water rather than with travel on land, 
maximum speeds being also average speeds in the case of 
power-propelled water craft, a condition without parallel in 
the field of land locomotion. 

In addition to its other advantages, high speed of aerial 
travel is the soundest engineering, because it admits of sus- 
taining the greatest loads upon the smallest surfaces. 

Another and imperative reason for speed is to overcome 
adverse winds. To progress against winds, speeds higher 
than the velocities of the highest winds in which flying is to 
be attempted must be available. 

The limit of wind velocity with which it may prove possi- 
ble to travel will be determined mainly by conditions of 
starting and landing. 

As for the possible radii of action — the maximum distancos 
of travel without return to a base or descent to the earth for 
additional fuel, lubricant, and other supplies — it is possible to 
do little more at present than to generalize, with the state- 
ment that the greater the radius the greater the utility. 

Indeed, the ability of the aero^Vdu^i Vo Qv>»w\\Y,i.v v>\v$.<t^>^ 
tinned adverse winds, its app\\cal\o\\ Vo voVc\^ ■^^^^<^ v^\Xv'5 
exploration, transoceanic travel, ani\ v^w^vaxweA \vxv\^\ ^^"^^ 
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over land, will hinge largely upon the capacity to aooompUsb 
great distances on a minimum of supplies and fu^. 

The chief limitation at present in the way of long-sustained 
flight — barring, of course, the matter of more or less Tiolent 
storms in which flight cannot be safely attempted, and the 
question of providing for alternative operators, is the difll- 
culty of carrying suflicient supplies of fuel. From this it 
must be clear that as there are developed more eflicient pro- 
pellers and engines, and surfaces affording higher sustentions 
with smaller forward resistances, the radii of action will be 
increased in proportion. 

In the case of water travel, except in some instances of 
river navigation through rapids or channels in which streams 
move with a rapid flow, the currents in navigable waters are 
not of sufficient speed materially to help or to hinder vessels 
passing through them. With the atmosphere the case is quite 
the other way. In this lightest of earth's traversable media, 
movements of air in the form of winds of velocities considera- 
bly in excess of the best speeds that have been attained with 
aeroplanes are common. Winds of even as high as one hun- 
dred miles an hour — approximately as fast as the greatest 
present aeroplane speeds — are occasionally to be reckoned 
with, though such velocities are not commonly encountered 
at the level of the earth's surface. 

Remarkably fast flights across country have been made by 
European aeroplanes, in which to the speed of the machine 
was added the speed of the wind. In several of these flights 
a curious condition was observed to result from the fBCt that 
wind velocities are generally greater at heights aboTe the 
ground than they are at lower altitudes. This condition is 
found to admit of starting an aeroplane from the ground in 
a moderate wind, followed by a wholly imperceptible progress 
as it gradually rises, into winds of greatly higher yeloclties 
at greater heights. The transition into these winds of higher 
velocity is so gradual as to be quite unnoticeable, there being 
practically an infinity of superimposed strata, each moving 
a little faster than that below, with the whole effect substan- 
tially equivalent to that of the more or less common moving- 
sidewalk schemes, in which a passenger progresses from one 
to another of a series of moving platforms, the first moving 
Blowly and the last at high speed, but with the relative speed 
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between any two adjacent platforms bo moderate that It is 
easy to step from one to the other without jar or danger. 

ECONOMY AND EFFICIENCY 

When reduced to standard forms, aeroplanes will be inex- 
pensive to build because their construction will call for little 
use of complex forms in resistant metals. Wood, wire, and 
fabric, of common qualities and at low costs, are almost the 
extent of what is necessary, barring the question of motors, 
which in the future will be required in smaller power units 
than at present, and which will be cheaply manufactured in 
quantities to standardized designs. 

Eren more vital than mere low cost of manufacture will be 
the fact that aeroplane manufacture will not require the 
facilities of costly Victories, but can be undertaken by any 
one possessed of the requisite data and an ordinary sort of 
carpentering ability. 

That flying machines will be inexpensive to operate must 
reasonably follow from the small power required for their 
propulsion and from the fact that they have no working parts 
in constant destructive contact with a roadway. 

Indeed, the transition from conflning air in automobile tires 
to the utilization of the unconflned air of the atmosphere as a 
vehicle support, is rather deflnitely an advance from a lower 
to a higher order of engineering. 

Concerning maintenance cost and the cost of operation, 
with some of the most efficient modem aeroplanes it is even 
now possible to transport weights of over 1000 pounds for 
distances of twelve or fifteen miles upon a gallon of gasoline 
— a result comparing most favorably with even the best se- 
cured with modem automobiles, especially at anything like 
similar speeds. 

UTILITY 

An inevitable result of low first and maintenance costs 
must be extensive acquisition of aeroplanes by all manner of 
individuals — by individuals of a class to-day hardly able to 
afford even the most inexpensive automobiles. Further con- 
tributing to this condition is the fact that an aeroplane is not 
confined to roads or highways of any kind, rendering quite 
remote the possibility of monopo\\«a, ox \VaA\»X\^\A v^ xx^^ 
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use other than the direct phsrsical limitationB at present im- 
posed by such mechanical imperfections as at present exist, 
but which will be greatly minimized in the future. 

The first commercial application of flying vehicles will most 
likely be to the transport of light commodities, such as it is 
desirable to convey at great speeds, and which therefore can 
be charged for at high rates per unit of weight The ideal 
service of this character would be that of a number of 
vehicles traversing a route of the maximum distance possible 
to accomplish without alighting, dropping mail bags or the 
like on clear areas where watchers would be waiting to 
receive them. 

The question of aerial travel over water is one of particular 
significance, especially in the light of the recent development 
of the hydroaeroplane. Water areas, in common with the at- 
mosphere, possess a quality which does not pertain to land — 
the quality of uniformity. The consequence is that trans- 
aquatic mail lines utilizing aeroplanes provided with hydro- 
plane floats can be conducted with almost perfect safety with- 
out necessarily involving flight higher than Just above the 
wave crests, it is quite to be anticipated that the institution 
of some such service over routes marked by regularly-spaced 
patrol boats may constitute the flrst serious commercial 
exploitation of the aeroplane. A special incentive to experi- 
ments in this direction is the low speed of even the fastest 
present water travel, by contrast afTording to the flying 
machine an advantage that it does not yet possess in compari- 
son with the higher speed of land travel. 

In the matter of limitations, it certainly is to be admitted 
that the aeroplane appears totally unsuited for urban travel. 
In its present form it requires the considerable clear and 
unobstructed areas for starting and alighting, which are 
rarely available, and then only at infrequent and often incon- 
venient intervals, in cities. 

For interurban travel, on the other hand, this difficulty 
rarely applies, and there is no more reason for expecting the 
aeroplane to flnd its fleld by a facility in maneuvering through 
mazes of wires and in alighting amidst street traffic than 
there would be for condemning Atlantic liners because they 
have to dock at Hoboken instead of sailing up Broadway. 
^ Undoubtedly the time will come when it will be considered 
Qu/te as reasonable for the beg\im\iifs& qav^ oadlnss of aerial 
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voyages to involve the presence of special launching and 
alighting facilities, as it is that railway trains should travel 
from station to station. 

No type of transportation is unlimitedly flexible. Rail 
vehicles are confined to rails, automobiles must keep the road 
or to good surfaces, water craft cannot leave the water, 
bicycles require at least a fair path, and not even beasts of 
burden and men walking can disregard all topographical dif- 
ficulties. Against these, surely the ability of the air vehicle 
to progress in an air line at its high and maintained speed 
from selected starting points to selected destinations, ever 
regardless of what may be beneath, and ever ready when 
necessity may compel to settle under control and without im- 
mediate danger upon any fair area of unencumbered land or 
water space, may be regarded as a form of flexibility suf- 
flciently valuable to offset the lack of other sorts. 

APPLICATION TO WARFARE 

Particularly interesting is the relation of aerial navigation 
to war — it appearing more than probable that this latest of 
man's inventions may serve first in adding to the terrors of, 
and then in the laying of this grim specter of the centuries. 
For in this modern age, success in waging war depends chiefly 
on the perfection and utilization of machines for the destruc- 
tion of life and property. Indeed, modern warfare is essen- 
tially a manufacturing proposition — a cold-blooded problem 
of economically manufacturing corpses out of the enemy's 
men and ruins from his material possessions. Thus consid- 
ered, in the development of the flying machine there is placed 
for the flrst time in history, in the hands of weak and strong 
combatants alike, a terrible and effective weapon capable of 
as unpreventable direction against the kings, congresses, 
presidents, and diplomats who declare war, as it is of direc- 
tion against the flghting men on the remotest seas and far> 
away battle fronts. 

Already more than one great military and naval captain 
has suffered disquieting visions of what will happen when, 
maneuvering unopposed and unseen in the obscurity of the 
night, not merely one or a few, but veritable swarms of aero- 
planes, in flotillas of twenty thousand costing no more than 
single dreadnoughts, will commence dropping bombs or tt^Vkr 
ing assortments of high exploslveB at \.\l^ «V!l^^ q1 \XsLaN»»s^^ 
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foot lengths of piano wire, over cities and palaces and through 
fleets and armies. 

While it is true that the aeroplane seema to have only one 
method of attack open to it — ^the dropping of dangerous com- 
bustibles and high explosives as accurately as may prove 
possible into the weakest and most ynln«tkble points in the 
enemy's military and social organization — ^this method, as 
speculation upon it is indulged in, becomes sufflciently hor- 
rifying to appall the most skeptical tactician or hardoied 
soldier. 

Undoubtedly the initial points of attack would be on the 
seas the enormously-costly mechanisms — ^the battleships, 
cruisers, and torpedo boats — of mod«*n navles» which otmi 
to-day seem open to destruction should occasion demand, by 
very ordinary application of the capabilities of such aero- 
planes as have been developed — ^working, it. is to be empha- 
sized, not individually, but in fleets, with results that seem 
quite inescapable. 

On land the points of attack might be the storehouses of 
military and food supplies, or even the property in great 
cities, which, all action of peace congresses and international 
tribunals to the contrary, it is very likely that a determined 
and aggressive foe hard pressed would ultimately assail, after 
issuing due warnings commanding immediate removal of all 
non-combatants — such warnings to be disregarded at the peril 
of the party attacked. For in the last analysis of the bitter- 
ness of conflict between militant nations, wars are fought 
less by rules than to win victories. 

Many authorities are inclined to disparage the flghting 
utility of the aeroplane, basing their views on the fact that it 
has been demonstrated fairly difficult to drop bombs with any 
considerable accuracy from great heights. But at the termina- 
tion of a volplane, at the moment when the speed of the 
aeroplane is temporarily checked, it should be an easy matter 
for skillful pilots to cast generous parcels of fulminate of 
mercury or picric acid into the twenty-foot diameters of a 
battleship's funnels, or a can of igniting gasoline over a con- 
ning tower. And the answer that such an attempt would be 
foiled by the use of searchlights and quick-flring guns is one 
that can contemplate attack by only one or two aeroplanes. 
rather than the concerted descent of a whole host of sucb 
emiBB&rieB of destruction, eacYi m«XLii^ Vs «^ competent and 
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determined crew, conscious that the individual's risk is small 
and the chance for glory great — realizing that if only one 
of the wasplike swarm achieves its purpose the picking ofP 
of a few by lucky shots or extraordinary gunnery will be 
fearfully avenged. 

Almost as significant as its power for destruction is this 
invulnerability of the aeroplane. Though aeroplanes are 
without armor or any corresponding protection, yet, operated 
in fleets, and if necessary under cover of the night, no one 
familiar with modern gunnery or the use of firearms needs to 
be told how utterly difficult and impracticable will be found 
all schemes for winging the aerial vehicle. 

It is difficult enough to hit a fixed target with substantially- 
mounted weapons after the range has been accurately found. 
It is more difficult to strike a moving target on the ground, 
or afloat on the water, though even in these cases the re- 
striction of the movement to a horizontal plane, and the pos- 
sibility of correcting errors in the determination of the range 
"by dust thrown up by the projectiles, or by their splash in 
the water, is a great help. 

But to strike a vehicle moving through the air, capable 
of extraordinary celerity in maneuvering, capable of three- 
dimensional travel — up and down as well as in all lateral 
directions — and with no means whatever of finding range, 
oan never happen except by the purest of pure accidents. 
And when it does happen its effect upon the enemy's strength 
is 80 certain to be so utterly trivial^ — involving the destruc- 
tion of no more than a few hundred dollars' worth of ma- 
chinery and the lives of not more than one or two individuals 
— that Its futility as a means of winning a victory is almost 
too evident to require discussion. 
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